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In a case that it 1s detecied that a sequencing identification frame exists in the
irst video sequence, performing random mixed sequencing processing on
video frames in the main sequence and the subordinate sequence based on the
sequencing identification frame and taking a sequence combination obtained
by the random nuxed sequencing processing as a second video sequence;
wherein the sequencing identification frame includes at least one of a reverse
frame, a jumap frame and a transiion frame
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5501

acquiring a first video sequence, the first video sequence including a main
sequence for describing a first posture of a human body and a subordinate
sequence for describing a plurality of second postures of the human body

e S502

e
-~

¥ s

extracting the main sequence and the subordinate sequence from the first
video sequence

e S503

-

""F-.

[ ]
[ ]
[ ]
[ ]
[ ]
[ ]

in a case that 1t 1s detected that a sequencing identification frame exists n the
first video sequence, performing random mixed sequencing processing on
video frames m the main sequence and the subordinate sequence based on the
sequencing identification frame and taking a sequence combination obtained
by the random mixed sequencing processing as a second video sequence;
whereimn the sequencing identification frame includes at least one of a reverse
frame, a jump frame and a transition frame

FIG. 5



U.S. Patent Dec. 6, 2022 Sheet 3 of 9 US 11,521,653 B2

- face __________ - enerating 2D face
T P P P I T E generation = ééééééig: h\‘\\* .
- model |
wmputting
VOKCC ' E TR
face - ahgning {0 e
area . and fusing @0
. e, - > ot
performing |
random mixed
sequencing on the ———————— | -
first video frame-drawing 2

d o
o
o S

sequence to obtain

‘ - and adding
a second video

masking

\“.‘"-'-"-'"-'-"-'"-'-"-'"-'-"-'""'-""-"'-""""""

'a',.

:

sequence, and
taking the second
video sequence as
a background
video

background frame video frame

S
ettt

L |
A
S

SR




U.S. Patent Dec. 6, 2022 Sheet 4 of 9 US 11,521,653 B2

- e o e ay ————— Pt T ——— - - L e Tl T o ——— e i
-~ o R s ~. - . - - - .. - = . . - o - - - S - o, - . -
. . - - . v - - - -
{ L g *, ':.i' . "- - * x “'*.-"
, . A . S . S . S . . LN . S . S ¥
o B e e B o SRAEEEY  peeewwww]  peweerees) N ey E ear e S NS [SNND NN, SRR
¥ ] & - a4 r i i 1 1 1 ¥ [ ] - L] i
! ' ' i ! H (e oy 20 i . . ' t S I . . i i v ! ! ! :
3 . . i'."l'."l'-"l'."l'."l'."l'."l'.':l :'._—..'..—..'..'..'..—: : : - : J . : :_—..'..—..'..'..'..—.1 i SRARERARNRRN. : ."."'."-"'."."'-""I . : p : :J i : !""."l'-"'."l'."'-"l'."'.' ' .: T ey :.'..'..'..—..'..—..'..1. - . . ..'...':
+ i PR ' . + 1 1 ) : N, o i i I I\ I
! 1 ¥ i PR | . H 1 ! N P 1 1 i 1. 1 | . . . .
¥ i P 1 i ] ] 1 [} I | ] ] 1 |
R - [ R (L A - == -y === - I=m= - - x s === - L [ | o e =y - f}i
. 1 ¥ iw - Yo X . i 1 I N h 1 : i i i 1 : . . . .
: : 1 ) (v ! Yol - : i - . [ - } - a . : : : 1 P i :J . I - 1 R N :
: ; T b iy " i R iy - TR g i i ir b iy 1w i iy 4 Lodr i i o o i 5 : i i by el ar X - o Y O P . rrrrwrrenl rrrrer e rrrrrrrn
‘1 1 —}1 . 1 1 + P *' 1 - L] [ L] - ) A . 1 I. I |l [ I PR " A i - ﬁ 1 II ) . 5 i .J = . 4 i : |
+ 1 4 -1 1 [ ] i - * 1 1 L [ [ ] A r - i i |
:}t," ‘j(; l(,"(.ﬂ" ; 1 ¥ -, 2 - -k - 1 ] 3 % P 1 1 i P ! ; . .
. [ S R L L L I L - o T T P T I oy oy gl RO |
¢ ! ' I NI - ' ' : 1 ' £ ' : ot 3 | ]
bl + [] . 4 r [ - Fl Fl 1 [ b [ o . q 1 |
p 1 1 FIRETE | - 1 1 F R 1 1 [ | 1 - - - . .
B e, i, rhhhhhhh*: : A A e i g il g oty g e e |- ii-\...l-\...l-\...l-\...i-\...l-u.i-\...h.: s o R, e, e e, i, AARRLRL LR, e e e oy iy ey oo tewwwwwrsd EEEREREERENN EIREERN]
[ N i-‘--'--'t-'--'--'--'i FETUPEE ":R--J'--i--i '-----------i---------. [Py P Ry ey Py Py -----------x-------i -1--1-“"1-'-1'-- ""r"'x"""" ;_-.-_-.-.-I.-. LI'I'I'III'I'H .""F""f:":‘" : ,i- 1 L ! ,i:
i . - ) i i : . , ¥ -
ffe A PR ST - R <N S PR SO PR AR S R S A
: I =" - bl T el - - T . . . LN, - " . o W ol . e - .h-. T m - ! - ™ il - - - "l - - _-b - e - - - - - N T i = " ma o T T ™ o Y -7 T — ) .
P | i ‘.‘ 1 3 " - [
-_—r e c—mor ow-e | N - ;
I, d I: ' I‘
- 1 - N .
b 1
yo ; ' , f
' [l -
" ‘- ! ! [
b 1
P i |:‘ ¥ l‘
+ i i
- L} = i 4 3 1 - -
s = | Tyt ¥ o e M ‘ o F I
. . 'J,:_ o —n T l-_ . B [l = - 1 LR . b b [ ] .‘..'. » . L'J .
. X T I:-. """'_.-'_lrl_"_ﬂ .] i q. ‘b'r'-"r '. — e o m i m . am . o= - oaa _.ub ,.u‘ ' - ._1--\.-. '\-lll-.a L UL B .I q. N -r“i q et mar s am o ma m oo,
T . Lo - L T e = . LR | I r— . K e L
£ I R LI VRN TV R =T *."' :.. ' | =4 - 1 i 'a.’ PRl | 1 ¥ 2 L -
) - . ' - L - - L
K. ; ._'.._I‘_'._._'l“‘ . L T t )
N b | - ]
+ . . = = | W= = b=k =i r B =i = o= g = o = =y == Bk =i | = = = ol = B =l 7 = bk = { -
. N ]
' il 1
noo" nr i e T e e e i e T e T e R B e Tt e A i Bl i S e e e "'.'_.1'
- 1 1 I‘
1 ' ' "
: | T S o S L - S O S-S O RS
L 1 . I
" ;o
! \ :
S i
: vop 't i . . . _— . .
. e i yp—— N e - e et R e — i ;
a r...-"”‘-.. - . - L] ’1_,..- T =" ) = ..r"'; - ‘-‘"-\. -~ - - - " - - T

K|
LI
it
I

-4 _J*;
Vi
“

main

o e g . = - - & 5 r -
I | ‘-h |. & "..t* h_.,‘ -FL Lt l.‘ -!I | - t I-Ll'l‘ -...-1 -: h_.J" L . ';:: q '|__l '..| il- -- o -!'- - o = I..-..-"- -'-1- -
. . a . A A . a . . . . .
+ [ ] II"--‘I . I-l : '.‘, A, ! F __lq-'\_- . *"-' -*\- :". .'l._"l ‘-.1. b.fb . ‘r- ‘t",ll Il.- '-1_ n '.' rl 1 *\_' *\. : [] 'n.- g - '1- .IE"‘IH J'h'; i—.. : ;_ ":pl "‘I.-.j -:
* . | 1 Lo _-_'| .'. -'.- T IL '.“'llI 'l'“ll .L-'llb.._ II--n.lh- l-. ‘:.. .._hl '-‘ ‘, T - s ,"'4.- "\.- "'., 1 :" "l;. F‘,' -l l-._, -|‘;: '.' 1" " h.t: }
t. I.- - - a, Ta T . "\.‘ P P ) " o el - ! i L "y LACTERE AT -i'q- Ha T i w
' [ 1 o A g - B e e b, e v Sl Wt ] . L ' rale e oM T Ty [ S
.‘. ’ I ; I' - "r'l -"h .“h JF- h" -""I. ' + “‘q by - hl'l t'i | I-='il'1 } r - x ‘i : “L‘-r'. -l-."l :'l .l‘:-| -r:-j L "'._ “._ | :I l.I'l ]
. . . . - - - A1 "= " ] 1 X . “Th LI » L] ] { = S | e T I i - a i 14 L] %
b e: uell C‘ e M S ) g ISR RS ¥ ! i ¥ VU ae i Te wey by ey
' T : |_~1-' i _ar'l ."I‘ . -""-_- J'- - l'-"hh' . k -"-_'- = "-u ‘:'.‘ - P =‘u-: } ] \‘N‘. -""l-q : 1'--';-. o 'h‘| :irl ) '.-r h'-"l. '!._ . . | :l."t-' ."'a- . ..‘q ]
. N | e | N e ™ T, e ' O e, e P L 1, "¢ e ! g L 1wy - w i 1oy . b
- | v - 1 o . LI I T - LS T | W L] . [ s - 1 M e U T n [ IR, LT
.o | =" et J_a.'. u ., "-F- --:: U 'n-'_: L " '.: :-.. T n } | 1"-'|I ‘.-"H, - { e s 'I-'_| :\ “u ‘t‘ _:_ ""-._"l -"1. i i'-"’"- I|"-.1.:
Lot R | . . iy T T ¥ a e r s Ve R T T 'Iu,,. T ) qa . n i i
o - . . “r Ao L T e " A b L] . . Nt L] R T I ] r L .. . i .
o | et .‘.:C ) SRR S ot e ] - -im. o iw [N . S e M. 1o e b "_',k.“_'.l_ R R 't-d‘;;:-"' .1.'.
i ; . . L * . B i _
- A IR R A Y Ly e A, Py ras .
- I “'M-. -~ e - ‘"‘-\‘ I S - t - ..-"‘r "-.. .-"‘r R - . - - . L =1
- - - ] = e Tome ¥ Yo oW - e - - T o e = aem - L -
' . i 1 b - . .
+ 1
- . ! : F
t, . ot A . _-__1_.___ " o " a? .
. —— ARk . - Fn ke ' Y - ] - amine Y - - -
. at LT ™ B F Y e LTI .~‘|..‘- ce e ST S RN B
S Rd B L . B . R L - eE d " R—p . ...-'_-__-__': .'_.- .J 1 tatdl, l‘: . e e e ‘:""1"|. ib. II..- ' . .r.__.__| l,- r- o .-__1
*. :_ b :"-—-:I-.-';-lF PR | . '-_-_:;';-.- - | -: |:|-_ l'--'-i- -k I L.* -: 1‘;._;--'- - -1
e e e ot e e e T e e e e e e e e m——— e PR e rﬁf _

ol T R L T I R I e I e e B I e T e I R TR e |
+ =i - | -
> B
. . oo F L . .

N .
L]

i

i

e

i

[l

i

1

{ o

1oy

i

i

i L

‘1.:
b

i,

]

i

i

i

li

i

i

[|

s . = wor Tow r mr. - wom v o e - w1 owom v e = mr. - wer o wre wm - w7 Wwor -mm - Wr.  W.m W r W  C-m C omr, - wT E N wm - mr - wer - omre wm - o r omra 1w wm - wr. o omra r-m o ow. wem owr

F1G. 8



US 11,521,653 B2

Sheet 5 of 9

Dec. 6, 2022

U.S. Patent

f _ :
r . _
| i .
b ey |
] | —— [ ] ] -
NS A _
" [ .
] [] ] ] ] u
] ] [ ] ]
] ] ] H ] n
" " " N " 1
_-
i 1
I !
i
1 !
__._ ] ] ] [ ] ] g
] ] ] ] ] .
p ] ] ] - [ ] ] ok -
] ] sl = ] .
] ] ] [ ] ] .
] ] "L ] ..... !
; ] ] ] [ ] ] L .
H i - — — — — —
_q _ |
1 l _
.___ F-=g=ogo=g==g=m= ! !
] " " " N " J
...r/ n n 'K | ] n |
] ] ] ] ] - :
N " ¥ ] " - |
] ] ] [ ] ] .
\\ ] ] ] » ] ] " L
___ -lllmlllmlll.-.lll.-ll \ ﬁql - R LI I - = = - m mr m- = = - = am -r =
1 _
| H
_ ; ! :
i . _
1 1 e o e Y e e Y o = e o =
I I L P LI ] . T — = = =
] ] i - - - - - 1
.._... " JJJJJJJJJJJ B I 1 .... - _ " ! N ! " I ! " ! w1
T T e v - f . it = . kL N !
...... T e Fl — m e ¢ - - — R — .I..H.ll — _ ..‘- ", ", ", ", r.-_....-...t. - o - - - - -
—..r.r.r.r.r..l.r.r.r.r.r.r- _r._:. . - M . - . =, ._,....-
1 . . . . 1 .
\"r.r.....r..r.r.....r.....r..r.r.....r...... \ r | / “ IR s ENRETR 3
_q. lllllllllllllll a “ _ __‘ lllllllllllllll a2 .__
_ﬂ L ' ' ﬁ L
" . _ m.
1 ‘ [ .
H P m g m gy mam gy moam oy 1 T —
' I . . i . " y | | ! P P " .__.__._.
' .
LY 1n ] u ] ' i . [} o lu._l_ o L o
LI It IR . BN - il
] ] ] ] ] . ) , ) ".__. ...._.. _..__. _..__.. _..__. J ~,
R - A B ARIr--< o
N SN SO S S - \ : T I A AR LA LA
1 r - |
t Lt . u —
| i i I [
1 ] r ._... - b
S S T o S p A % B e apcap s S
i 'K " " n ! ’ w1 ' 3 U S MR L L
...,../ (N n i n "J..l_ - |.1.I - _ 5, [ -a.. .-a.. .d,.. -_.... -a.. .l £
1 " " " " ! ™ . "-_r .--.—. _--__.._ _--_—. ._--_—. ' S
(] " .T " " " kY ' _ : 1 -.__.. _-.__.. *_.. _-.._.. -.__.. " ™
| e n n u u 1 ;__ - _ __._. "_-_‘. ) " uF uF 1 !
_ EEhA s skl asaslasasdasaasdas J . . E 1 1 Il ™1 ™1 ._ F
r H . .
| i _ E '
' b
\ f——— - :
r ".."|..|..I."| ..I..l."|.1 ..I.". ..I..l."|.1..l- -. _ _ 1 “ = ..“l.-.-l e ..“l.-.-l = g i - - . w1 om
Y 1 x x x "I N | ‘ N P S '..-_, P #
__.... 1 1 a _ ¥ " " " " L
e u u u -L + . . 1. | _.' Y a1 i
- n n - n 1 _ |-_‘ -.‘. [ ] -_‘. . -_‘ [
- | | | | | | | | S _ - '] .. L] L] .. L] L}
AN | ] ] " . " . | . S o ﬂ.__.. o -.__.." '
m_‘ 1n [ ] [ ] [ ] [ ] ' .._ . _ 1__ o o o o o . '
/ . L .
i oy i
| S e E— cEm o E— = w1 - =
k ' ~ _ T ™
|t )
! r _— —
_r.. : “ ! [ ! \ . _“.u _“.. _“..u _f...- +..u |
:. | R Rt Rt et R e R R e e e ] ' 1L r _ _ _H-. -ll.- _-I._ _-ll.- .h.- r.- ..‘
L N PP P ] i . ] - - - - . -
Syt o . . _._. ) BERTHSIS o' 2 Folicat =
JJJJJJJJJJJJJJJJJJJJJJ ." -...... ﬂ , -.-_-. .-._. b .‘._- .L._-
__.__.__...- " .............................. i M | | _ “ . ..vr .-.._..r ..ll-_ l_--. ll-_ s
! [ P P T T P T T T P T P T P .- . . ' h n h | ] .'.
/ | ﬁ R ﬂ
| \ : | J
r_ ] g | _ __ i
' in . . 5 T i : _ oo Eoe e e el e '
] 1 L} - - - » » .
Y s " " " LR ! ' [ \ A R R M ¥
E (] " [ N " . - - . ot . e o
..J e ] ] ] ".‘ " : _ _ SO i AR ™
- [] [] [ [] ' . : [ " ] W ] . L
£ 1n ] ] L] ] . \ | _ ' ..u_r ...._r At At ot
1._. 1 | | | | | | | | ' . ' . ___. LB N R - -
/ g L
1 .
| ' i
i 4 _ _ | ]
_ . . B . B W BN . . BN BN BN I- ! N . — r=- '.H- - ."-.l. - --.1. - '.-.il - --.1. -
' (] (] (] ] ., ! [ _ __.. Lo e e e e i
_.__ 1n [ ] [ ] [ ] [ ] ' ___.._ ' .._. ..... _.”._ _..u._ ._“.. ._“.. f A ') i
L [ ] ] ] [ ] ] : ot I S . i
* B " __....—“ ] " = _ I . et _...6 CREC - [ p—
”...u'.. " " i "I ¥ . \\jl. e M S R ™ T
. -_.1 e u u " u " ...-. _ _ _ ! 1 .|u_r. -|.__r. At et At ..... _
.___. .-ullullullullull- h . [ | ! e e e e e H X
f . | i )
I ' . : [
_ . . —— — | _ 1 i . — —_—
1 1 . _ __ | 1
r
_. ' e i e f ! _ | __.. 1 _rﬂ“_ _“u_ _rﬂu +u- +Hu ._ F
% (N [ [ L] [ " ’ _ . . L L I I M M i "
k] . - r- -
TR TR M A L ¥ o Wl ¥ i ,
- [] [] [ [] " - | _ ! T . A ._.-._- . y '
: 1n ] ] L] ] . \ . | ..\._.. I N L 3 1
S A N g B
\ T A R L i .
_. 1 _ | _ .__ b
_ u L R R I - = = == == |-|_. mtm ar mim mr =i -
. _. ] .- L]
L ' S B S el A b O B '
;._ i P B P P R T P 4 . B _ __ﬂ -l.. a1 a1 T T i ._.‘
1 1 g ﬁ _ _ " " N - " - . - .
............................. P L ! . - . . .
,/i" ,,,,,,,,,,,, e e o aﬂ: lel. - .
............. _ 1 ] Bt a .
r 1 ™, . _ . Lm Lm s s .
A L L P T R . r 1 -- -- - - ¥ . 1
5 ' ] ._.._ X _ _ ' ; ' .u _-.._ _.ru .r.- ru r.. B
___. R R T 1 \ - . | ! P T O L .
| 1 “ ! _ | i . .
b ) _ h L]
' i n n i " N : . I RS RS ! . [
! 'K " " " " " . . [ _ .___,.. I LI R M M ’ -
.. 1n x [ i x i - .. ! [ o I .|._r .|._r et o ) [
/ri n [] L] [] i o ; | _ e s | o= o= L ]
- [ [ [ [ [ L . | 1 w71 A N MY - .
S [ ] ] ] L] ] " y w _ : 1 .|u_r. .|.._r. I S “_v.._ L .
fotnowoow oF oy . N R K 1 :
{ L ..II.“_.I.. _ _ i K “ -
_ b ity ' : ! ._ 1 LY '
_m Y r R ! | | )
] ] " ] ...-.r . . .r ' T T T T T . ”"l “ "
in ] ] ] ] N o .
...._. 1n ] ] u ] “ .1 |"L..n e _ _ _ __r.. .||.. - 1 _.n.. .r.-_.. .r.-_.. ' .- i I.I_
1 n " " [ " i s - _ ! . . e e < F | ]
10 | | | e, om om i 9 9 rs . a
._..__....'_. " " l ] J._ i " ".l - : ' _ _ \\\‘".._—_. A Tl B _.._.._ _.. _ '
1n n n L] n i Sy i | _ I - o LY
‘__ 1n [ ] [ ] [ ] [ ] i "y . . ' _ -.. i o ot o o o : _ .
La 1 1 1 1 . L . . n n . .
! L _ _ _ | ] Y ;
| : ' o i | 1
._ h | S ___ | .
' megpemgpEmagemy=n . ! : - " "
___. .1 K - 1 | _ _ rf ".... ., N 4 . 1 . 1 .1 .
[ — e . = ' : a ] a x 4 _
- [ ] 1 . ] - - . . . L
1 - | _ N a a - - - ...__ .
M .- - - e .lLILIli! N 1 R _ .
. 1 - a, . a, fl fl .
1 . ‘ 1 L] 1 -, -, ...._ ...._ - .
1 - - . . - 1 . . 4 4 4 _ ]
I - N 1 a * *, . . .
i NN NN DU ERREN R ___ ] 1 L & it _ ;
. [ -
_..L I i E— T mE - e Ew c Er - W ww  —mr - W T —mrrm cwm —m - m cEm —m i mc Em —m o m mr  —m = -
.- |||||||| e e e e e e e e e e e e e e — s — |.||||. .......... —_— . — . J—
| T T T T T T T T T T T T L L T T T T T LTI LT

main
sequence
#1

* o
'
_ - e
— —_— e - —_— = -
—_—— = —_ —_ —_ -—- - —_

"-|1 ]
R
1 h..
a l.;h
i
]
[}
[
b
!
[
b
!
[
b
!
=T -
| T kol
if e
| Fl
11 S
-t
!
T
Do
1
1
—— -_— — - 1
. .
1 1
. '
1 1
. :
1
1
1
. 1
f :
_ i
. 1
_. '
. 1
t :
| i
1
_. '
- 1
Pl

—_— . !

- . —m -_— . e . —m -_—. . —m s . R -

. —m o Em s . —m ] E e, —E ] e - e . —m

- —_ 1 m

-

- —a —_ = . —= . -

_ . m— . = . . -—

fransifion
frame

Y 1
-.l'.- J-}
ma". d

L
*
- -

__lllluLIlII]uLIlllluLIlllluLIlllluLII_
oA

ﬁ... n... .__n... N L §
RN = T @
T - R
L T T
- - a - a - - 1 L]
P A N B

—_

- ey E STy E S EE s EE.
Iy iyt gt - ®

| _____..-_“.. ] « 1 ] ;._“.-- o .\._“uw s
;ffaw.xum 1 ot g
F A - u ‘. ,
‘..._\.. ] - - . * L .
S Y
/ | L P Jm P __
' v
] H
Y '
\ ! RN x,
L _.”u _.”._ _.‘ ..“.- ..“u ) -
/’ihr e T R L .-r....
.‘.._..... ___- W . .‘_-_‘. uF L ..._,.
PR e S B
: £t ot e A
t A
: |
1
___4 _ﬂu.._..,._. _.u.“u.. ot ._..“.“ .___.__ !
L ___.|ur , ”._r _...‘. r.-_.. ru_.. -
\VL,_”_, e o !
ARSI 3o i
' [ ”._ ..”._ . . " ! i

____ -.l_- l_- l_- l.-_ l.-_ ._u.
i i
t
1
] .
g P e o T T = T = |
LY ' Wt Wt oW i
¥ - % - % . . ] ’
1, B M R | " F
...f.... ! - __.r - __.r " _--_ . _--_ i~ -
PO "—l’l\ o, i .
- . .-.- ] .-.-— .....
". _--_‘ _--_‘. _--_l -l..-_ o’ 1 __.
51 .rlll.llll.llll..l.nlll.nl'—
i i
[ ’
___ -..-.-l._...l. I-“.-..I l.-.-l._...l. I l.- _-
-.... "r " __”r _--__-. .._--__-. _-— £
] [ 1

]

sy - - B
] T T ' )
9 9 9 n n [] - [
¥ <" < ._-._- _-._- _-._- !

", '

. 1 LI -_ -_ ra

LY .

I".
'l. *
"i

"‘I

.-I

;N

! - - -~ n L R i
: ! R o S o S A :
i .
! b
: " " ;
L ;___ BT s s " " i ! - o= my
" [ L] - % | L] L] -__.
4 .J.f- 1 .ru .r.- W -_1. -_1. “ -
B
l "I R A s S
5 LA e n n 1 LY
L -__‘ ”‘. . . ll..-. ll..-. a! \
1 | '
L. _._ ..-.r ..--. ..-.r . u .. [] _1-
_r__ “r __”r - __”r . _--_1. .._--_1. _-—
L . 1 ru .r.- o -__-. -__-. “ .‘..
! . et 3.—.— ._-.l -
L A
. i P - - 1 !
h. -._‘ i - - ] ] ] .__ u.1
|
! ! } N
4. r_ - —r —w w - 1 ' ‘. ..._.i.“
. __._. “r.- __”r.- - __”r.- . _--__-. .._--__-. _-— ! “ —
L3 F . -.L - ]
L. ._.__. ! -_‘_- -“‘.l . Ll.l ll..l ll.l “ . "
1 / N A 3 L=
i 4
] i _ .
. i N
|
L. ....._ i e i ) i
. L t * * ! -
4. J.r/. “ . . . . . s ._..._.. ._..._“ -._. !
Loz BB T e, L g :
T x a a , “x |
11111 f * ..... ....h ...__h ...__h ] ]
i
i
1

[— —_— —— = — —_—

[— J—

e —— = e — — = = — —

FIG. 9



U.S. Patent

Dec. 6, 2022 Sheet 6 of 9 US 11,521,653 B2

.”__;---"--I-_‘\- ..F-r-'.---'."\-. \ ."__..u—-"‘."'.*-.-:_h‘“ ..--"'-'-*-""‘-. P_.‘,..-'."":ﬂ. P Lo .-""f'..---:-‘ _r,d-.--'."":-u._ _,.'.-.-*-""*—'-.,_H
- . - : \{- ‘\_*I"'f Y : :

"...;-ﬂ-'.---'.‘-.
- -
r r
e i, ol Al e e, e . - R

. fir. e e, e . . O U .

nlir i, i

!
!
!
!
i |

S .

-ﬁ

- — H T - - i i L
- ST A ! H 1 -+ . H S i
ma 1—[]' eyl o oy t : 1 : : oy oy e ! IFET TN . -.-.-.-.-.-.-.-: :-' : r I RN -.-.-.-.-.-.-.-i | ¥ : : El.l.l-.l.l.l-.l.l. i el el el Ll L El.l-.l.l.l-.l.l.l-. ! . et
. . . [ . ] . . . T . . ] -
X . ¥ o i _ i S ¥ i T ) 1 I .
’ - e ] - t.* : r : .I'--\-'--\----\-'--\-I :'-\-'--\----\----\-'-. .I'\-'--\----\-'--\-'-:. ", . .lr. : [~ - - -y -\----\-'--\-'--\---i = - -] : T . iL'--\-'--\----\-'- T T - :-'\-N- = :
& r o & T
i+ ot i 1 I~ + 4 . I I 1
:---2-- Iii%‘ii_ :'j 4; : 'l--5--= ?--6-:: :l--?--:' -r: 8: I 1119--{ l-i{)-_: l-i:lu}--' : 1 s :-‘-_‘-*- --‘1-"‘-- :-----' T
+* r fr
. . [ ; . . ¥ . . . . . - T . . ¥
= - B S e T M‘:I-l-'*-i-w I : 1 : : W“i—”{-‘: W""I-HP“P‘ f‘-l-‘-l-'*-l-"-l-‘*-l—"-l-"\-l-‘-: :" N T I l-"*-l-'\-l-‘\-l-'\-l-"\-l--l-'*-l-‘: ;r"-l-'*-l-"-l-"\-l-‘-l—'*:-'\-l- * T " oy gy '
. : : : ' Va7 ' i ) ) ' ') s T It ' T -
. AW R W O T L L B I: | :. : -'-"-'-'J' i-'-'""'-- -"""":- :.- : T I LB L L B '-'-"-"-'* L B L B + : : h"-"-'-' F"" -
A , pe o Yoy _ i 1 , i . Ty j A _ . !
AELELELN. i i e e P B -I-‘J-*_._‘:_‘_._r;_‘j r_._-r_._-v_._-r_._-r_._-r_._-r_._-v_._l 1-v_._-r_._-r_._-r_._-r_._-|-_'_-r_'_-r_. _I-_._-v_._-r_._-r_._-r_._-r_._-v_'_-r_.j 'r;_q_'i ,._:“.__,J -r_._-v_._-r_._-r_i'_-r_._-r_._-r__ e i ) -r_._-r_._-r_.j -r_._-v_._-r_._-r_._r_._-v_'_-r_' 1._"_'._1"_1._‘_ LERRERLERRL AR EENRN] T
™y » Y ) Iy R e Y
L LY R LY s o FAR o AN N . 2o &
. .- . . . . . M .| - .
- - . |- :
—_ '.-"-.-._--"'-J ‘-"-.-._...-"'-r- ' = "-_-._.--"'"# '.H‘---'-‘__,\_i-' I|I|L||.'--. ____'_-".r- .‘I""---.,._._.'._-'r I -‘:"-n.- -.-._._-‘"' "-\.;.'a -.-.-r""" H‘"--._.;— - H"" ....-.-""". . H“.'-l-r\_-_ .d-"'"-', = --_-._.--"""I' H_‘ - g t
l. I | N
e : ! | g
{ i i ] .
1 ) { -| :
- - ) i ok vl e e : ror—— !
] : : -~ ' - Ty | FESTET 3
. - L e I vt 'R L * - wr c omeorEs oo ', - l!il' * L R e
'*t-- EL R o e o . |-- == - - - = .ﬁ e - e r o o -i-j rl |"+ I' - [Py *- e 1 1
| ad ™ m sma amEoma = . P :J-." - - - "Ll ‘._lu
1 ) T | I, }' ! i ™
] ' . e et
] L] r
. - i
i ; .
.1 r I
! L =L oma - . .. LR =2 = Lma -1 om - LR - -a -1 . L :
1 ; r
| ;
o1 4 MR m M mmm e m s ms m o mmm i s sm L mn gmmmlm e gm L m g ms . gmrom e m e mmn o gmmn gmammmom o nm e \
o

-

T

e = ey oy o= Mmoo pom g T .
™ - . L | ., "-I* et .1'.' . " L " "._- . . " e ;-'*l-f‘i-'*--'“-'ﬁl_ =
i e LW ] [ - .t " .. LY 1™ M -y - » . - . .
. I . " ] - - » LI . .
- ' . T - 1 i -!-II' 1 ‘n- *‘i i .q*u "'Il'- h"l l 1!: .'.. .I. L] '-'! ' ‘."'\ :'! W L
. ] L -1 | I . L | i e =t ™ P " a 4 n - =} v -
SUpOoraingic: .- SRR IR N s o
. : . Y " n t " - AP SR AR S
‘ . ! t'l i ! *-I - L i ' * a '-| l‘- ' -.. "l.‘ !' L ] r II.l
.y e : ; o 'l.i r i-|. . l‘_ il-" v M i.l_' b ...l . - s . . +| . e
i AP A AN & S5 7*‘ T & O AR M
- . L] n - -+ . L . L] - -
, X ] . . I- . ' \-} =_:r "'1,. ." i.'._:‘q h"':.- .‘h"-., : ..‘I.'-.. I'T".' l".. . -r_:: 'l.."."I I :""‘," 1 ‘
‘ l ] - = N T .t i - -u ) T - . T,
" . T L + '] r 1 L " 1y . . 'l \ -
. . ; ' I e (i ) r . “eh . H i"'-r w 7r L e e 1 st =t
* 1 . -t . " 'i ! ". -.r" '.‘ t i \-' . ‘|.: d'l' l_| "._ . ‘.. * . - h‘ -r--l-] +" e - .
- L ’ " ii .!I T "‘T ill *r = ] :"'! e Py . I"l'..' '.‘-. -'t +|-I ) _'- ,.J-'
I P, A, P 1 ST - - i-_-_-: *-_-j
L
| _ Y A A p )
1 ) e w= -hh-\-. - - 1‘"- s " e - - .-‘-‘ . " - - At Y F.’r.']
I = g a mm -y A L i _ e m aE N :
. {
|
]
:I i . * -
i : 3 3 .
i ] . E : y
‘ . . .
- R . - . . . 1 .
{ boa, n"n'! .'. . "f'i" — T - T &
. Lam 1 om LA s A . BmE . AL Ed AN E. ‘..E R L4 . ma . moJoma -1 o - [T =a - oma - . LA d = - B A LAd NN m. L.mJd am La s M . ma. L ma " = Py .-..: - r . 1 o .
(FVAL L A 1 a ] I I { :

¥FIG. 10



transition
frame

|w " [

-

N
. S
-~ 8w
il ey
%

o
‘"-\.

T "r— — 1T T —r o1 T r— —_— = - — —p s = s — —_— = r T— * — —_ 1 T——. —r o —

—
o .
—

- r
—_

US 11,521,653 B2

! 4 4 4 4 4
1 - - - . .
e - . 2 2
. . . J u L L . . . BN BN . BN BN . BN . . » _m a a 1..- 1 1
- - ] L] ] - - L] L]
1 h..__..._..__.._...__..__..__..._..__..__..._..__.._...._..__. . _ . - r . a a a - F] — — .
L 1 x - a 1, = - -_— - - -

a,

“n
A
Lk

* !

a 1
-

- . . .
a
. . .
a M M 4 M
P R R A A N N I I R .1.“.. - om mE cmJ m Im1 1w mrm. Im. m a ...r.._!. “a ._I..__....I.I. Im o m o m. Em . om ' .‘._\-. a LR a " L .
_ — o — I.I.I.I_. . =, ._... ._... . . 1 R ., LA ., - \ _
m | _ P Y \ _ . : f A S I :
__.. - - [ N N 1 ] .
. a
. - 4, J,

%
i

a4
x
Fs
a4
Fl
a4
x

!
PR /
! e e e e e e e e e e _ T .I.IIII.I.I.IIIIH..“II ] " _" _
/ [ ! h._. . _ __ “_ b
ﬁ m_ ¢ ! i _ | “ - _. i e R A ! _
\ | _,q C o ey ) _ . 5 T _
! ! ' .._. . lw - -.l. -”. [ r : 1. -.l.
. __... | p . _ .1...: h-.-_r__f_l__.“... -t .|“... o _ ” _" “.. .|+. .|“.. “u, _
tead - ! : // o Apligges” WY : R P .
-_..i__ - _ L..'u . -r.. . _-._ = - . " ' __ R - _
..___ ! ...._ . .__.... =+ e =T -I.H. " " . - : - - .!l._r" - .!I._r. - .!l._r" ' .
‘__. “ .' [ ...1 "-u. =*7 . "-u. -l.__r- -lu_r- . ] 1 e ._ ! '. |
N Gt
, ._ S _. ] .
_ ; ‘ ] e, !
rr ‘- — -‘ h ' i.l “— - *l-" ) -.+ ) -.-+ H
___._. __m FN _ ._.. : -.l__. -..l__.. ...-l ...-” ....- .____ H}I...I” ! " ¥_ __. +rl +“l ...“L. d
LY ! - .lw .!”- nl -.l. -.l - ] -t -t ‘_l._ =1 =1 ™
! wly - ¥ - - o . _" LR R s
._....f ", _ ) - u”_. - u”_. -__”.u I_“ o |__” 1, . . ln.... ] I_“.._ |_.” ...__
/! __“ * _ \\\l -”.. -”.. -.u‘ _“-._ _“-._ ... ! - __ =1 =1 ._.
/ , _ S ORI el B _ . . _
_ i . b ! - u !
_ —“ h _ ' _" _ I.-..-u_ l+"- .._ _
“ \ N e . 1 . S
_ .__.. ¥ l__.-. .l__.v -.l“.. -”... ] ._.__.‘ | | o -l... i y _
A .ll-. .!l-. .l-_... -l+. -l“.. s 1 : - - -l.__r- -l.ﬂr \
_ - .- - R I A N e = i T
“ _ ...._.s.- -t l-.-.. - A AT AT ..... | " __ llllllllll ] L] |
. 1... - I....- - l..."-u -l.__r -lu_r - L] ) _ '
: [ Bt | ;o __ |
7 ' _ | ' ! ' ! { _
! | ' s . )
i i » » » + + - 1 | H 4 + - + -
| N S | _ﬂ T |
' ,.. R ub T _ ' { AT _
~N— T oI T T - - . O S T . o M
e ! ! _ ] ‘._..._.. .l__.-. .l.”_.-. -.l." -I... -l.T“ __. “ 1 __ =" = ' _
: TERE S Sn Set o _ S ! |
. : ' . ! . :
e ! . _ 1 | b _ . ) ~ ! |
h [ ' _ . J. et e o / ! . ) .+.n. .+... x.___. |
. - L] 0 -.... -..... o . _ . o
! T 1 .... .ll .!l -l.. -l. -IUT— ..__ | i __ -l -l”.._-...... _
' _ L * - Pl WL AL -H,.__.__.. ) - o~ .
% . el e SR _ s o _
i ' _ T S T -l._— .r . - S AN, . A 1 Y. o ] .-
LI L - . [ 1 _ .- . {
0o S e o B | al I : " |
i o . Sl e .| S e T | .__..1“..31 : ' I .
T .|1L...m . _ __. ! ; __ b n._..“ . ! _r I i S ! _
__ ] i ....--” u _ .r -_.l -_.! -_- +- +-. 1- .- _ “ ’ - “ “ _" . _
e | L L L " " i ' - X . '
r“ . n.. " ..-.' _..l -_.l. -_.l + + - “.." . | [ ...“ 1 __ _
! _

'
]
+
-
'
.I-.+ I.
-
'
.
dl_
T
.
.
dl_
r
.
.
dl_
k= m -
-

"+
.‘l._
1
*u
L]
r;
gt
1
e
-l
1
“rta
-i
—
-
—_— -

1 _ S o S ILNL R AL | .. 1 1. - 1 _
- “1 1 1 :
—=h ] __ | S |
n . —— T —_ —_ — '
] 3 \ ; | S | m Iy _
_ . L S i ! | i "\ i ...... ...... S e H___ _
‘__.. _ “ _ .ﬁ. - - __.-.l. _._-..l.. l....-.. l....--. l..“ ¥, _. . 1 __ {.-.w.. ....-.w. " |_“.. |_“.. |..l.
. ] - ' "] "] ~ f 1 - - 1 =1 - N,
[ | o, & - '] A A | o ] .._.._. | [ n_a AL N R A _
6 - m o om A mim 0= -9 I_ -, -t -t a3 a1 -.l... _ T qmu =" -t at a1 a1 . .
—_— s — o — = 1 . B T N T S N N . L L DL T L \
r _ . _ ._. __.\.\ ...-”. ...-”. ...-“-._ l_.”-._ l_.”-._- .... _ ) . _" i [P, SO VO T T ._ _
. - - - =1 =1 . I L
. : _ ' _ h. ____ ———— —— .1- _.._ “ [ ' __ A . _
M . . |
c _ S \ , " R L T i _
_ _ H x> - — T T ' 1 ﬂ. "N "N - . N ’
.l 4. ] [ o L 1 ..- I o o -t -t
W | 1 L R R R _ ! Nyt U |
[ 3 e T T ' - LI " LI N
- 1 h. * .-..l -_.!. - +-. -..- 1 ra ! ’ 1 __ ....1\. w -l. -l _- _-h._ _- - _
_ . _ !”‘ Toah T * ST T 1 . ] 1 =7 atT 7oAt aat "
* “a _ { r i |+..- |.....-. .Jr. .I._r. .|._. ", “ .- ‘ ] ____ L 1 ' 1 " _
mmal o | r [ [ s . 1 1 ..... . i L]
LA : Wt et e : : *
"__- .lt. _ _ _ 4. J— .l..—_‘.l.... 111111111 [ wrw - o - '. .......... .+.11 -wr = - -r - —— -—r bl . 1 _" .— ." _
__".b-..._n .IIhM \ | J | F 1 | 4 [ ] F] o : _
. e | . I » » . .
__.“" - h._n _ _ “ _ H__ ”v_l.l ”v.l.l”v..l.l l.....l.l l.....l.l- ‘.- “ “ ' ”_ ._4. __.vh__. __.vh.__. +.| ....I W y _
. * | . L - - - - . ] [ - 2.- . s
. s - » . - . - 1 ¥ » [ -
-L v ! _...._.._,. .l__. .!__. [ ] -l -l“...— .__.. | " m y .l__. » [ ] -l n .l _
1 1 _ *_ L + + =1 . ] + [ -+, + -+, ™,
: |7 AN L . . A e A ;
1 _ 1 \\ - |+.-. o+ - .J_.. .|._r. .|._. ™, _ . 1 ! _.___ [ R By B B . _
' [] [ [] 1 [T | 3 ¥ a ]
¢ ' e ek D ali_ : _ N _ :
; SN DO SO S 0 B Y _ﬁ ol ._ | L . : |
ﬁ L i “ . i ' ', | ___ H _
L ' | _ ! 1 ! - A e !
1 r - - | 1 | 1 " ..__. —_. a ", . . 1 ‘_
J__ il il e ol el el [ _ 1 _ ;-_ nlll...anllll...anllll.....ﬂ”lll.....ﬂ”lII]- 1 _" -.-.. 1 .-.n .-.n .-.n -.l -.l .-_h _
v ] Fl . =, ., = L e ] 1 I . i L 1 =, ., L e 5
AN ’ _ M R R A R ! V.. TZVIiTO o o ol !
— II*J . e e = — —— = w s w—r . " .In "a - . - = i m am mLm o TN . Ma
__T ! ' _ I - - o el . ._...__ ._...__ " | e o [ - ._...__ ._...__ ._...__ _
M M 1 1 1
__ .‘....11.11__" SR TE R R . R | |
I ! _
- — — - - — === === == — e e e e e e — — _

main
sequence
#]

subordinate
sequence# |
subordinate
sequencer2

U.S. Patent

FIG. 11



L HANDIA

US 11,521,653 B2

awreyy duni
# douanbos

Sheet 8 of 9

20UINDAS wWwras)s [apout uonejodirajut

20uaNbIs vl
[eondo pajejodidur weays (eondo

pajejodidjul

||
..............................H...H...H...H...
B e NNl Palab st N
Af“- N A P - .
s eloion oo mﬁwaswg m
N N A
N A NN NN AN M ‘
N N N NN PP
M M M
I e e e e e e e e e e e ey
. N A N NN TN WA
N s Ear
N N N N N AN MO - RN R R RN BN
H....H...H...H...H...H...H...H...H...H...H...H...H...H... H....H...H...H... R N R
S P M PP el Mt e
e e e e e e T e m )
M M M " v — - — “
e e e e e e e X
e Xy
[ ] dr p dp dp dr dpdr p dp dpdr pdp X dr
o i i i e e e X
e e e e e e
n v I U e

odweyy dwni
# 20uanbas

U.S. Patent



U.S. Patent Dec. 6, 2022 Sheet 9 of 9 US 11,521,653 B2

video sequence layout apparatus
ﬁf""““""‘l 301

4

video acquisition module

; /,w4302

video extraction module
1303

video layout module

FIG. 13
1400\
1201 — 1402 —1403
computing [ ROM " RAM |
L. oumt
< I I — 1404 1 >
— 1405
i /O interface )
— 1406 | — 1407 | — 1408 — 1409
- N N7 N SR
input output storage communication
_ounit )L oumit J( umt ) unit ,

FI1G. 14



US 11,521,653 B2

1

VIDEO SEQUENCE LAYOUT METHOD,
ELECTRONIC DEVICE AND STORAGE

MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Chinese patent appli-
cation No. 202011529093.9 filed on Dec. 22, 2020, which 1s
hereby incorporated by reference 1n 1ts entirety.

TECHNICAL FIELD

The present disclosure relates to the field of information
processing. The present disclosure relates particularly to the
fields of deep learning, virtual reality, cloud computing,
video layout processing, and the like.

BACKGROUND

With the development of computer technology, technolo-
gies such as artificial intelligence, deep learning, virtual
reality, cloud computing and so on are widely used 1n the life
of users, playing an interactive role with users 1n various
application scenarios such as live broadcasts, short videos,
online trainings and the like. In these scenarios, a virtual
character (2D or 3D) can be used for replacing a real
character or the virtual character can be used for cooperating
with a real character together to record videos.

Electronic devices like portable devices and mobile phone
terminals etc. are more intelligent than before, and the
parsing capabilities of chips are stronger, especially video
information parsing, picture rendering, and the like are faster
and clearer than before, so that users’ requirement on video
information 1s increasingly improved. Whether the recorded
videos are diversified will directly influence the interactive
experience of the users, and the diversification of the
recorded videos can also enrich the video content.

SUMMARY

The present disclosure provides a video sequence layout
method, a video sequence layout apparatus, an electronic
device and a storage medium.

According to an aspect of the present disclosure, a video
sequence layout method 1s provided, including:

acquiring a first video sequence, the first video sequence
including a main sequence for describing a first posture of a
human body and a subordinate sequence for describing a
plurality of second postures of the human body;

extracting the main sequence and the subordinate
sequence from the first video sequence; and

in a case that it 1s detected that a sequencing 1dentification
frame exists 1n the first video sequence, performing random
mixed sequencing processing on video frames in the main
sequence and the subordinate sequence based on the
sequencing identification frame and taking a sequence com-
bination obtained by the random mixed sequencing process-
ing as a second video sequence;

wherein the sequencing identification frame includes at
least one of a reverse frame, a jump frame, or a transition
frame.

According to another aspect of the present disclosure, a
video sequence layout apparatus 1s provided, including:

a video acquisition module configured for acquiring a first
video sequence, the first video sequence including a main
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2

sequence for describing a first posture of a human body and
a subordinate sequence for describing a plurality of second
postures of the human body;

a video extraction module configured for extracting the
main sequence and the subordinate sequence from the first
video sequence; and

a video layout module configured for, 1n a case that 1t 1s
detected that a sequencing 1dentification frame exists in the
first video sequence, performing random mixed sequencing
processing on video frames in the main sequence and the
subordinate sequence based on the sequencing 1dentification
frame and taking a sequence combination obtained by the
random mixed sequencing processing as a second video
sequence;

wherein the sequencing identification frame includes at
least one of a reverse frame, a jump {rame, or a transition
frame.

According to another aspect of the present disclosure, an
clectronic device 1s provided, including:

at least one processor; and

a memory communicatively connected to the at least one
processor; wherein,

the memory stores instructions executable by the at least
one processor, and the instructions are executed by the at
least one processor to enable the at least one processor to
execute the method provided by any embodiment of the
present disclosure.

According to another aspect of the present disclosure, a
non-transitory computer-readable storage medium storing
computer instructions 1s provided, wherein the computer
instructions are configured for causing a computer to
execute the method provided by any embodiment of the
present disclosure.

According to another aspect of the present disclosure, a
computer program product 1s provided, wherein the com-
puter program product includes computer instructions, and
the computer instructions, when executed by a processor,
implement the method provided by any embodiment of the
present disclosure.

It should be understood that the content described 1n this
section 1s not intended to identity the key or important
teatures of the embodiments of the present disclosure, and 1s
not intended to limit the scope of the present disclosure.

Other features of the present disclosure will be easily
understood through the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are used to better understand
technical solution(s) of the present disclosure and should not
be constructed a limitation to the present disclosure.
Wherein:

FIG. 1 1s a schematic diagram of umidirectional playing of
a background video sequence for generating a virtual char-
acter 1n the related art;

FIG. 2 1s a schematic diagram of bidirectional cyclic
playing of a background video sequence for generating a
virtual character in the related art;

FIG. 3 1s a schematic diagram of a main sequence of an
embodiment of the present disclosure;

FIG. 4 1s a schematic diagram of a subordinate sequence
of an embodiment of the present disclosure;

FIG. 5 1s a schematic flow diagram of a video sequence
layout method according to an embodiment of the present
disclosure:
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FIG. 6 1s a schematic diagram of generating a 2D digital
human video picture according to an embodiment of the
present disclosure;

FIG. 7 1s a schematic diagram of layout and playing of a
background video sequence according to an embodiment of
the present disclosure;

FIG. 8 1s a schematic diagram of layout and playing of
two background video main sequences according to an
embodiment of the present disclosure;

FIG. 9 1s a schematic diagram of layout and playing of
three background video main sequences according to an
embodiment of the present disclosure;

FIG. 10 1s a schematic diagram of layout and playing
between one-main-one-subordinate sequences according to
an embodiment of the present disclosure;

FIG. 11 1s a schematic diagram of layout and playing
among one-main-multi-subordinate sequences according to
an embodiment of the present disclosure;

FIG. 12 1s a schematic diagram of generating a transition
frame according to an embodiment of the present disclosure;

FIG. 13 1s a schematic diagram of a constitution structure
of a video sequence layout apparatus according to an
embodiment of the present disclosure; and

FIG. 14 1s a block diagram of an electronic device

configured for implementing the video sequence layout
method of an embodiment of the present disclosure.

DETAILED DESCRIPTION

The exemplary embodiments of the present disclosure
will be described below 1n combination with the accompa-
nying drawings, including various details of the embodi-
ments ol the present disclosure to facilitate understanding,
which should be considered as exemplary only. Therelore,
those skilled 1n the art should realize that various changes
and modifications can be made to the embodiments
described herein without departing from the scope and spirit
of the present disclosure. Likewise, descriptions of well-
known functions and structures are omitted in the following
description for clarity and conciseness.

The term “and/or” as used herein, 1s merely an association
relationship that describes an associated object, and means
that there can be three relationships. For example, A and/or
B can represent three cases of A existing alone, A and B
existing simultaneously, and B existing alone. The term “at
least one,” as used herein, means any one of the plurality or
any combination of at least two of the plurality, e.g.,
including at least one of A, B, or C, that can represent
including any one or more elements selected from the group
consisting ol A, B, and C. The terms “first” and “second,” as
used herein, mean a plurality of similar technical terms and
are used to distinguish among the plurality of similar tech-
nical terms, and are not meant to limit the order or to limait
only two. For example, a first feature and a second feature
mean two types of features/two features, wherein the first
feature can be one or more, and the second feature can also
be one or more.

Further, in the {following specific i1mplementations,
numerous specilic details are set forth i order to better
describe the present disclosure. It will be understood by
those skilled i1n the art that the present disclosure can be
implemented without some of the specific details. In some
instances, methods, means, elements and circuits well
known to those skilled 1n the art will not be described in
detail so as to highlight the subject matter(s) of the present
disclosure.
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In various application scenarios such as live broadcast,
short video, online training and the like, taking a scenario 1n
which a virtual character (2D or 3D) 1s used for replacing a
real character or the virtual character 1s used for cooperating
with a real character together to record videos as an
example, the virtual character can be generated by using
techniques such as deep learning and the like. For example,
by mputting a voice into a deep learning model, a face area
of the virtual character can be generated and the action
(including a mouth-shape action, an expression action and
the like) of the face area of the virtual character 1s consistent
with the voice 1n rhythm, semantic content and the like, so
that a video picture of the virtual character telling the voice
content 1s obtained. In the video picture, actions of the body
parts other than the face come from a previously recorded
background video.

FIG. 1 1s a schematic diagram of umidirectional playing of
a background video sequence used for generating a virtual
character 1n the related art. As shown 1n FIG. 1, a plurality
of video frames in the background video sequence are 1n a
umdirectional playing state, 1.e. forward playing, so as to
record the background video. FIG. 2 1s a schematic diagram
of bidirectional cyclic playing of a background video
sequence used for generating a virtual character in the
related art. As shown 1n FIG. 2, a plurality of video frames
in the background video sequence can be forward played, or
can also be reversely played based on a frame “N,” 1denti-
fied by a triangle in FIG. 2, to realize bidirectional cyclic
playing so as to record the background video. Wherein,
FIGS. 1-2 present video pictures of the video at the Oth, 1st,
2nd, 3rd, 4th, and 5th seconds, respectively.

The length and content of the background video are
dificult to be changed after the recording 1s finished, and 1n
a case that the background video 1s applied to the above
process of generating the virtual character, the length of the
video pictures of obtained virtual character 1s limited and the
content thereof 1s solitary.

Adopting the present disclosure, the random mixed
sequencing processing can be performing on video frames
extracted from 1nitial video frames (video frames composed
ol a main sequence and/or a subordinate sequence) based on
a sequencing 1dentification frame (at least one 1dentification
frame among a reverse frame, a jump frame and a transition
frame), and a sequence combination obtained by the random
mixed sequencing processing 1s used as a new video
sequence; wherein the length of the new video sequence can
be adjusted based on user requirements 1n the process of the
random mixed sequencing processing, and the length 1s not
limited; the content of the new video sequence 1s provided
with more randomness and presents diversification.

The technical terms to which this disclosure relates are
described as follows:

1) Main action sequence (abbreviated as main sequence):
it 1s an action video sequence for a virtual character 1n an 1dle
state. F1G. 3 1s a schematic diagram of a main sequence of
an embodiment of the present disclosure. As shown 1n FIG.
3, the virtual character remains substantially the same pos-
ture throughout the main action sequence with only a slight
action.

2) Subordinate action sequence (abbreviated as subordi-
nate sequence): 1t 1s a sequence matched with the main
sequence. FIG. 4 1s a schematic diagram of a subordinate
sequence according to an embodiment of the present dis-
closure. As shown in FIG. 4, 1n this type of subordinate
sequences, a virtual character begins with a posture 1n the
main action sequence, makes a significant action (such as
hand waving, left and right hands stretching, etc.), and then
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puts the hand back to the original position, which returns to
the posture of the main sequence.

3) Reverse frame: a frame “N,” 1dentified by the triangle
shown 1n FIG. 2 1s taken as a reverse frame such that the
reverse playing can be performed. Of course, the forward
playing can be performed at this frame, which only means
that the frame as a reverse frame has the ability to reversely
play.

4) Jump frame: the jump frame can be any frame of the
main sequence, or a starting frame (the first frame) and an
ending frame (the last frame) of the subordinate sequence,
and the jump frame 1s configured for realizing jump playing
between different action sequences.

5) Transition Frame: the transition frame 1s an interpo-
lated frame generated between jump frames of two different
sequences through an interpolation algorithm or a neural
network model.

According to an embodiment of the present disclosure, a
video sequence layout method 1s provided. FIG. 5 1s a
schematic flow diagram of a video sequence layout method
according to an embodiment of the present disclosure, which
can be applied to a video sequence layout apparatus. For
example, 1n a case that the apparatus can be deployed to be
executed by a terminal or a server or other processing
devices, the apparatus can perform video frame extraction,
random mixed sequencing of video frames, and the like.
Wherein, the terminal can be user equipment (UE), a mobile
device, a cellular phone, a cordless phone, a personal digital
assistant (PDA), a handheld device, a computing device, a
vehicle-mounted device, a wearable device, etc. In some
possible implementations, the method can also be 1mple-
mented by the manner of the processor calling computer-
readable instructions stored in the memory. As shown in
FIG. 5, the method includes:

S301, acquiring a first video sequence, the first video
sequence including a main sequence for describing a first
posture of a human body and a subordinate sequence for
describing a plurality of second postures of the human body;

S302, extracting the main sequence and the subordinate
sequence from the first video sequence; and

S303, 1n a case that it 1s detected that a sequencing
identification frame exists 1n the first video sequence, per-
forming random mixed sequencing processing on video
frames 1n the main sequence and the subordinate sequence
based on the sequencing identification frame and taking a
sequence combination obtained by the random mixed
sequencing processing as a second video sequence. Wherein
the sequencing i1dentification frame includes at least one of
a reverse frame, a jump frame, or a transition frame.

In an example based on S301-5503, random mixed
sequencing processing can be added for a main action
sequence (abbreviated as a main sequence) and a subordi-
nate action sequence (abbreviated as a subordinate
sequence) constituting a first video sequence, so that the
random mixed sequencing processing can be performed on
video frames in the main sequence and the subordinate
sequence based on an sequencing identification frame (a
reverse frame, a jump frame, a transition frame, etc.), that 1s,
switching the playing order of the video frames or switching
between a plurality of sequences (such as switching between
at least two main sequences, switching between at least two
main and subordinate sequences, etc.), and the sequence
combination obtained by the random mixed sequencing
processing 1s taken as a second video sequence. Because the
length of the second video sequence and the layout of the
video frames can be generated on the basis of the first video
sequence with any short duration, adopting the present
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example, a plurality of sequence combinations of video
sequences with any duration and any playing order can be
obtained, that is, the second video sequence 1s not limited to
a fixed length of the first video sequence, such as the first
video sequence with a playing duration of 30 minutes. A
second video sequence with a playing duration of 60 min-
utes or more can be generated based on requirements. The
second video sequence 1s not limited to a forward playing
order or a reverse playing order of the first video sequence,
jumping or transition can be performed between respective
sequences (the main sequence and the subordinate sequence)
of or video frames of a certain sequence of the first video
sequence, and more second video sequences with random
mixed sequencing of video frames can be generated based
on requirements, increasing randomness of video Irame
layout.

Adopting the present disclosure, a first video sequence
can be acquired, wherein the first video sequence includes a
main sequence for describing a first posture of a human body
and a subordinate sequence for describing a plurality of
second postures of the human body. The main sequence and
the subordinate sequence are extracted from the first video
sequence, and 1n a case that 1t 1s detected that a sequencing,
identification frame exists 1n the first video sequence, ran-
dom mixed sequencing processing can be performed on
video frames in the main sequence and the subordinate
sequence based on the sequencing identification frame, such
as performing the reverse playing on the video frames based
on the reverse frame, switching from one sequence to other
different sequences based on the jump frame, triggering
switching to other different sequences based on the jump
frame, and further switching to a specific designated frame
in the sequence based on the transition frame, and then, any
sequence combination obtained by random mixed sequenc-
ing processing 1s taken as a second video sequence, such that
the randomness of the video frames can be increased, the
diversification of video layout 1s improved, the length of the
video can be laid out based on user requirements, and the
length 1s not limited.

In the present disclosure, a first video sequence can be
acquired, the first video sequence mncluding a main sequence
for describing a first posture of a human body and a
subordinate sequence for describing a plurality of second
postures of the human body. The main sequence and the
subordinate sequence are extracted from the first video
sequence, and 1n a case that 1t 1s detected that a sequencing
identification frame exists 1n the first video sequence, ran-
dom mixed sequencing processing 1s performed on video
frames 1n the main sequence and the subordinate sequence
based on the sequencing identification frame and a sequence
combination obtained by the random mixed sequencing
processing 1s taken as a second video sequence, wherein the
sequencing identification frame includes at least one of a
reverse frame, a jump frame, or a transition frame. Adopting,
the present disclosure, diversification of video layout can be
improved.

The present disclosure can be applied to various applica-
tion scenarios combining a limited number of video
sequences 1nto richer and more diversified video sequences,
which are not limited to scenarios in which the virtual
character (2D or 3D) 1s adopted to replace or simulate a real
character, 1n scenarios such as live broadcasts, short videos,
online trainings and the like.

FIG. 6 1s a schematic diagram of generating a 2D digital
human video picture according to an embodiment of the
present disclosure. Applying a second video sequence
obtained by the random mixed sequencing in the present
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disclosure to a scenario of generating a virtual character
(e.g., a 2D digital human), a face area of the 2D digital
human can be obtained based on an 1mnput voice. The second
video sequence 1s taken as a background video, and the
video picture containing the 2D digital human 1s obtained by
combining the face area of the 2D digital human with actions
of other parts other than the face area in the background
video, so that the authenticity of the 2D digital human 1s
increased, and the 2D digital human 1s more natural and
close to a real person, which specifically includes the
following contents:

First, by a deep learning technique, a voice (e.g., gener-
ated by the text to speech technology (1TS)) can be input
into a neural network model (e.g., a face generation model)
to generate a 2D face (including the face area) that 1s a face
picture (including a mouth shape and an expression) con-
sistently matching the mput voice i content (e.g., rhythm,
semantics, etc.).

Wherein, the image of the 2D digital human can be
designed 1n a self-defined manner (1.e. a virtual character) or
can come from a real character A, and a video picture which
tells the voice content with respect to the character A 1s
generated, so that the character A 1n the picture can be
controlled to say something that he/she himselt/herself does
not really say, and the consistency of the voice (rhythm,
semantic content) with the face action (including a mouth-
shape action and an expression action) of the face can be
achieved.

If the 1nput voice does not come from the real voice of the
character A, the voice acquisition mode can include: 1) the
voice generated by the text to speech technology (TTS) and
close to the talking of the character A; 2) the voice of another
character B; 3) other voices generated by T'T'S (which do not
necessarlly correspond to a real person, and can be a
simulated animated dubbing, etc.).

Second, frames can be extracted from the existing back-
ground video in the process of matching a 2D face with other
parts of the body. With respect to the background video, the
above second video sequence can be read (1.e. a second
video sequence obtained by the above video layout for the
first video sequence and taking the same as the background
video), the background video 1s obtained based on the
second video sequence, each frame of the background video
1s decoded to obtain a plurality of background frames, and
two paths of information are output aiter processing each
background frame.

Wherein, the first path of information 1s an intercepted
face area (1.e. a 2D face obtained by 1nputting into the face
generation model); and the second path of information 1s a
masking shielded background frame obtained after masking,
processing 1s added to the face area of each background
frame. Finally, the generated 2D face and the generated
masking shielded background frames are spliced into an
output video frame after being aligned and fused, to be
directly played and presented or compressed and encoded,
and then transmitted to a network for playing. Due to the fact
that by generating the second video sequence based on
requirements, the unrestricted length of the video frame and
the randomness of layout are increased, and the background
video obtained based on the second video sequence 1s more
random 1n the length and video layout, the generated 2D
digital human 1s more natural and close to a real person, and
the tlexibility, the richness of actions and the controllability
of the 2D digital human are also greatly improved.

The 2D digital human can be applied to various applica-
tion scenarios, including, but not limited to: 1) virtual main
broadcaster for news broadcasting, audio book reading and
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video live broadcasting; 2) a digital assistant for customer
service; 3) virtual teachers for educational traiming; and the
like.

The 2D digital human 1s applied to the above application
scenarios after the above 2D digital human 1s trained com-
pletely and deployed on-line. Since the face action 1s gen-
crated from a voice signal through the face generation
model, actions of the body parts other than the face come
from a pre-recorded background video. In the whole process
of a digital human presentation, each frame 1s gradually
extracted from the background video, and then a 2D face
corresponding to the input voice 1s generated on the basis of
the frame. Therelfore, the quality of the layout of the back-
ground video determines the whole 1mage of the 2D digital
human, and the authenticity and the diversity of the actions
of the 2D digital human.

The length and content of the background video are
generally recorded synchronously when the training mate-
rials are recorded, and are diflicult to be changed after the
training 1s completed. For digital humans needing to be
presented for a long time, there 1s a need for a background
video that can be played continuously for a long time, but 1t
1s diflicult to determine how long a background video 1is
suflicient for a particular application. Meanwhile, actions 1n
the continuous background video can only be body actions
with a small amplitude, so that serious violations of voice
content with action pictures can be avoided (for example, an
action of “swiping hands for bye™ 1s taken when the product
1s 1introduced). After the video 1s recorded, when the video
1s played, 1n order to guarantee the time order consistency of
actions in the video, the video must be played forward or
reversely based on the time order, and the front-back order
between the frames cannot be disordered. Theretfore, the
reading order (or playing order) of the 2D digital human
background frames 1s not natural, and the mode 1s solitary,
il adopting the unidirectional order playing as shown 1n FIG.
1 or the bidirectional cyclic playing as shown in FIG. 2.

Wherein, the unidirectional order playing 1s: performing
playing based on the time axis direction 1n a case that the
background frames are recorded, from the first frame to the
last frame, and then ending. This requires that a long-time
background video i1s recorded 1n a case that a long-time
presentation 1s made. For example, a hali-hour playing
requires that a background video with the duration of
half-hour 1s recorded 1n advance, and a half-hour playing
presentation cannot be completed if the duration of the
recorded background video 1s less than a half-hour. In
addition, 1n the present disclosure, a second video sequence
can be obtained by the video layout of the first video
sequence, and the second video frame 1s taken as the
background video. Since random mixed sequencing can be
performed based on a sequencing identification frame (a
reverse Irame, a jump frame, a transition frames, etc.), a
background video with any duration can be generated by
using the short-time continuous background wvideo, and
therefore, the method 1s not limited by the duration.

The bidirectional cyclic playing 1s: playing forward from
the first frame to the last frame (the frame N,) in the
background frames and then playing reversely back (the
triangle indicates that the last frame 1s a reverse frame), so
that the bidirectional cyclic playing constituted by the for-
ward direction and the reverse direction can generate the
background frames with any duration. However, this also
requires that the durations of the background frames should
be long enough to avoid the user discovering such a “moving
in circles” playing mode that would enhance the user’s
“monotonic and unrealistic” look and feel of the generated
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2D digital human. Therefore, it 1s necessary to implement a
layout and playing mode that breaks such “moving 1n
circles” feeling, to bring about a “random and natural”
feeling. In the present disclosure, not only a background
video with any duration 1s generated by random mixed
sequencing, but also switching and layout are performed
between two or more non-continuous background videos
(the main sequence and/or the subordinate sequence), so as
to trigger a corresponding video picture with a relatively
large action amplitude at a specific moment by using a
random signal.

In an implementation, the method turther includes: adjust-
ing a playing order of the video frames in the first video
sequence based on the reverse frame, wherein the reverse
frame includes a turther video frame other than a starting
frame (e.g., the first frame) 1n the first video sequence.
Adopting the mmplementation, the playing order can be
adjusted based on the reverse Iframe, and a new order
combination can be obtained based on the reverse {frame, so
that the second video sequence with any duration 1s gener-
ated by using the short-time continuous {irst video sequence.

In an implementation, the method further imncludes: con-

nectmg the video frames 1n the first video sequence based on
the jump frame and/or the transition frame; wherein in a case
that the first video sequence includes the main sequence, the
jump Iframe 1s any video frame in the main sequence; in a
case that the first video sequence includes the subordinate
sequence, jump Irames are a starting frame (e.g., the first
frame) and an ending frame (e.g., the last frame) of the
subordinate sequence. In a case that the first video sequence
includes diflerent main sequences and/or diflerent subordi-
nate sequences, the transition frame 1s an interpolated frame
obtained based on at least one jump frame switched between
the different main sequences and/or the different subordinate
sequences. Adopting the implementation, accurate switching
between different sequences (switching between the main
sequence and a further main sequence, switching between
the main sequence and the subordinate sequence, switching,
between the subordinate sequence and the subordinate
sequence, switching between the subordinate sequence and
a further subordinate sequence, and the like) can be per-
formed based on jump frames in the main sequence and
subordinate sequence, and the jump frame 1s further com-
bined with the transition frame, to obtain a more accurate
sw1tch111g cllect for swﬂchlng to a Spemﬁc frame.
In an 1mplementat10n in the case that it 1s detected that the
sequencing 1dentification frame exists 1 the first video
sequence, performing random mixed sequencing processing
on video frames in the main sequence and the subordinate
sequence based on the sequencing identification frame and
taking the sequence combination obtained by the random
mixed sequencing processing as the second video sequence,
includes: performing forward playing on the video frames 1n
the first video sequence; 1n response to detecting that the
sequencing identification frame 1s the reverse frame, per-
forming reverse playing of the video frames based on a first
random signal; and taking the sequence combination
obtained based on the forward playing and the reverse
playmg of the video frames as the second video sequence.
In an example, a main sequence and/or a subordinate
sequence can be obtained as the first video sequence.
Wherein, 1n the main sequence, all the other video frames
other than the starting frame (e.g., the first frame) can be
taken as reverse frames. In the subordinate sequence, all the
other video frames other than the starting frame (e.g., the
first frame) can also be taken as reverse frames.

5

10

15

20

25

30

35

40

45

50

55

60

65

10

The example can be applied to a scenario of a 2D digital
human generation. The first video sequence (such as a video
sequence composed of the main sequence and/or the sub-
ordinate sequence) can be played 1n a forward order begin-
ning from the first frame in the process of performing the
video sequence layout. In a case of playing to a certain frame
in the middle of the first video sequence, 1f a first random
signal (used for triggering forward playing or reverse play-
ing) 1s received, 1n response to the first random signal which
1s configured for triggering the forward playing, the forward
playing continues to be performed from the middle frame. In
a case that the first random si1gnal 1s configured for triggering
the reverse playing, 1f the sequencing identification frame
existing in the first video sequence 1s a reverse frame, the
reverse playing 1s performed after playing to the reverse
frame, or 1f the middle frame 1s a reverse frame, the reverse
playing 1s performed from the middle frame. The sequence
combination obtained based on the forward playing and the
reverse playing of video frames 1s taken as the above second
video sequence.

Adopting this example, by itroducing the reverse frame-
based random decision described above, a playing sequence
with any duration can be generated by using a shorter first
video sequence while the randommness of sequence order
combinations 1s also increased to some extent. Taking the
scenario of the 2D digital human generation as an example,
the first video sequence 1s the background video, shielding
1s performed by adding the masking in the face area of the
background video to obtain masking shielded background
frames, and a generated target face (a 2D face picture
obtained by inputting a voice to the neural network model,
wherein a mouth shape and an expression contained 1n the
2D face match the input voice 1n the content, such as rhythm,
semantics, and the like) and the masking shielded back-
ground frames are spliced into output video frames after
being aligned and fused, to be directly played or transmitted
to a network for playing and the like. Because the length of
the background video and the video layout are more random,
the generated 2D digital human 1s more natural.

In an implementation, in the case that 1t 1s detected that the
sequencing identification frame exists 1 the first video
sequence, the performing random mixed sequencing pro-
cessing on video frames in the main sequence and the
subordinate sequence based on the sequencing identification
frame and taking the sequence combination obtained by the
random mixed sequencing processing as the second video
sequence includes: acquiring a first main sequence in the
first video sequence; in response to detecting that the
sequencing 1dentification frame of the first main sequence 1s
the jump Irame, performing jump playing of the video
frames 1n the first main sequence based on a second random
signal, and switching to a further main sequence other than
the first main sequence; and taking the sequence combina-
tion obtained based on the first main sequence and the
further main sequence as the second video sequence.

In an example, the switching 1s performed between a main
sequence and a main sequence. A first main sequence 1n the
first video sequence can be read first; in a case that a certain
jump Irame of the first main sequence 1s read, a second
random signal (configured for triggering jump playing to a
further main sequence) 1s received, and 1n response to the
second random signal, in a case that the second random
signal 1s configured for triggering jump playing to a further
main sequence, a jump 1s performed to the further main
sequence (there can be one or more further main sequences),
and the process moves 1n circles until a new sequence order
combination 1s obtained based on the jump frame.
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In an implementation, in a case of two main sequences,
and 1n a case that the further main sequence 1s a second main
sequence, the method further includes: 1n response to detect-
ing that the sequencing identification frame of the second
main sequence 1s the jump frame, performing jump playing
of the video frames 1n the second main sequence based on
a third random signal, and switching to the first main
sequence. Adopting the implementation, the switching can
be performed between two main sequences based on a jump
frame to obtain more sequence order combinations, and the
accurate switching can be realized.

In an implementation, in a case of a plurality of main

sequences, and 1n a case that further main sequences are a
plurality of main sequences, for example, including a second
main sequence, a third sequence, . . ., and an 1-th sequence,
with 1 being a positive integer greater than 3, the method
turther includes: 1n response to detecting that the sequencing
identification frame of the second main sequence 1s the jump
frame, performing jump playing of the video frames 1n the
second main sequence based on a fourth random signal, and
switching to a corresponding sequence 1n the second main
sequence, the third sequence, . . ., and the 1-th sequence; and
performing the jump playing 1n the second main sequence,
the third sequence, . . ., and the 1-th sequence, or switching
back to the first main sequence after performing the jump
playing 1 the second main sequence, the third
sequence, . . ., and the 1-th sequence. Adopting the 1mple-
mentation, the switching can be performed between the
plurality of main sequences based on a jump frame to obtain
more sequence order combinations, and the accurate switch-
ing can be realized.
In an implementation, in the case that it 1s detected that the
sequencing 1dentification frame exists in the first video
sequence, the performing random mixed sequencing pro-
cessing on video frames in the main sequence and the
subordinate sequence based on the sequencing 1dentification
frame and taking the sequence combination obtained by the
random mixed sequencing processing as the second video
sequence includes: acquiring a first main sequence and a first
subordinate sequence in the first video sequence; in response
to detecting that the sequencing i1dentification frame of the
first main sequence 1s the jump frame, performing jump
playing of the video frames 1n the first main sequence based
on a fifth random signal, and switching to the first subordi-
nate sequence; performing forward playing on the video
frames 1n the first subordinate sequence until an ending
frame of the first subordinate sequence; and taking the
ending frame as a jump frame and switching back to the first
main sequence, or taking the ending frame as a jump frame
and also taking consideration of a condition that the
sequencing 1dentification frame 1s the transition frame,
switching back to a designated frame i the first main
sequence based on the transition frame after triggering the
jump playing based on the jump frame.

In an example, the first main sequence 1n the first video
sequence can be read first; 1n a case that a certain jump frame
of the first main sequence i1s read, a fifth random signal
(configured for triggering jump playing to the subordinate
sequence) 1s received, and 1n response to the fifth random
signal, 1n a case that the fifth random signal 1s configured for
triggering jump playing to the subordinate sequence, a jump
1s performed to one or more subordinate sequences; and the
process moves 1n circles until a new sequence order com-
bination 1s obtained based on the jump frame. Wherein, in
the subordinate sequence, only the first frame and the last

10

15

20

25

30

35

40

45

50

55

60

65

12

frame can be taken as jump frames, and the playing of the
subordinate sequence can be forward playing and cannot be

interrupted.

In the above example, switching from the main sequence
to the subordinate sequence may be performed or switching
from the subordinate sequence to the main sequence may be
performed, which will not be described in detail.

In an implementation, the switching 1s performed between
the main sequence and the subordinate sequence. There are
one or more first main sequences and there are one or more
first subordinate sequences. The jump playing may be per-
formed based on at least one mode of: a one-main-one-
subordinate layout and playing mode of diflerent sequences,
a one-main-multi-subordinate layout and playing mode of
different sequences, or a multi-main-multi-subordinate lay-
out and playing mode of diflerent sequences between the
first main sequences and the first subordinate sequences.
Adopting the implementation, switching among diflerent
sequences can be performed by adopting a plurality of
layout and playing modes (“one-main-one-subordinate,”
“one-main-multi-subordinate” and “multi-main-multi-sub-
ordinate”) and the jump frame to obtain more sequence
order combinations, and the accurate switching can be
realized.

Application Example

A processing flow adopting the embodiment of the present
disclosure includes the following contents:

Firstly, generating the background video with any dura-
tion by using a short-time continuous background video

FIG. 7 1s a schematic diagram of layout and playing of a
background video sequence according to an embodiment of
the present disclosure. As shown 1n FI1G. 7, for the layout and
playing, more reverse frames can be added on basis of
bidirectional cyclic playing as shown i FIG. 2. All the
frames other than the first frame can be taken as reverse
frames. In the process of a 2D digital human generation,
based on the layout and playing mode as shown in FIG. 7
(1.e. each frame can be determined to be forward playing or
reverse playing based on requirements or randomly),
sequential playing 1s started from the first frame, and 1n the
case of playing to a certain frame in the middle, such as the
10th frame, whether to continue forward playing or to begin
reverse playing next can be randomly determined. By intro-
ducing the random decision, a playing sequence with any
duration can be generated by using a short background
video, while the randomness of sequence order combina-
tions 1s also increased to some extent.

Second, performing switching and layout between two or
more non-continuous background videos

1. Layout and Playing Between Two Main Sequences

FIG. 8 1s a schematic diagram of layout and playing of
two background video main sequences according to an
embodiment of the present disclosure. As shown 1n FIG. 8,
in order to enrich randomness of playing of a background
sequence, two main sequences can be adopted, wherein each
main sequence supports the layout and playing mode as
shown 1n FIG. 7 ({forward playing or reverse playing can be
determined based on requirements or randomly for each
frame). Apart from this, the switching between the two main
sequences can be realized through the jump frame and the
transition frame. Each frame of each main sequence can be
taken as a jump frame, or of course a jump frame can be set
every few frames (for example, every three frames 1n FIG.
8) based on actual application requirements, or intervals
between jump frames can be customized.
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The layout and playing between the two main sequences
includes: 1) 1n a case that the 2D digital human 1s generated,
firstly reading the main sequence #1, the reading order
referring to the layout and playing as shown i FIG. 7, and
in a case that a certain jump frame i1s read, determining
whether to jump to the main sequence #2 through random
triggering or external signal triggering; 2) after jumping to
the main sequence #2, reading in the form of layout and
playing, and then determining whether to jump to the main
sequence #1 by the random triggering or external signal
triggering; and 3) moving 1n circles 1n this way, which can
use two main sequences to generate richer playing orders.

2. Layout and Playing Between a Plurality of Main
Sequences

FIG. 9 1s a schematic diagram of layout and playing of
three background video main sequences according to an
embodiment of the present disclosure. As shown 1n FIG. 9,
more main sequences can be at least added on the basis of
the layout and playing between the two main sequences as
shown 1 FIG. 8, to enable layout and playing among three
(as shown in FIG. 9) or more main sequences.

Layout and playing among a plurality of main sequences
includes: 1) in a case that a 2D digital human 1s generated,
firstly reading the main sequence #1, the reading order
referring to the layout and playing in FIG. 7, and 1n a case
that a certain jump frame 1s read, determining whether to
Tump to the main sequence #2 or the main sequence #3 or a
turther main sequence through random triggering or external
signal triggering; 2) if jumping to the main sequence #2,
reading the main sequence #2 1n the form of layout and
playing, and then determining whether to jump to the main
sequence #1 or the main sequence #3 or a further main
sequence by the random triggering or external signal trig-
gering; and 3) moving 1n circles 1n this way, which can use
a plurality of main sequences to generate richer playing
orders.

It shall be noted that: the same jump playing as described
above also exists between the main sequence 2 and the main
sequence 3 (as shown 1 FIG. 9), and the jump playing
between the main sequence 2 and the main sequence 3 1s not
shown 1n FIG. 9 for the sake of brevity.

3. Layout and Playing Between “One-Main-One-Subor-
dinate” Sequences

Each frame of the main sequence can be taken as a jump
frame, while only the first frame and the last frame of the
subordinate sequence can be taken as jump frames. For
better switching, it can be set that the playing of the
subordinate sequence can only be forward playing and
cannot be interrupted.

FIG. 10 1s a schematic diagram of layout and playing
between one-main-one-subordinate sequences according to
an embodiment of the present disclosure. As shown in FIG.
10, the layout and playing between one-main-one-subordi-
nate two sequences includes: 1) 1n a case that a 2D digital
human 1s generated, firstly reading the main sequence, the
reading order referring to the layout and playing as shown in
FIG. 7, and 1n a case that a certain jump frame 1s read,
determining whether to jump to the subordinate sequence
through random triggering or external signal triggering; 2) 1f
jumping to the subordinate sequence, reading the subordi-
nate sequence in the form of forward order playing until
playing to the last frame, and then switching back to a
certain jump frame of the main sequence on the basis of the
transition frame; and 3) performing 1) again after returning,
to the main sequence, and moving in circles 1n this way,
which can use the two sequences of “one-main-one-subor-
dinate” to generate richer playing orders.
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4. Layout and Playing Among “One-Main-Multi-Subor-
dinate” Sequences

FIG. 11 1s a schematic diagram of layout and playing
among one-main-multi-subordinate sequences according to
an embodiment of the present disclosure. As shown 1n FIG.
11, on basis of layout and playing of “one-main-multi-
subordinate” shown 1n FIG. 10, more subordinate sequences
can be added to complete layout and playing among “one-
main-multi-subordinate” sequences. The layout and playing
among two “‘one-main-multi-subordinate” sequences
includes: 1) in a case that a 2D digital human 1s generated,
firstly reading the main sequence, the reading order referring
to layout and playing as shown in FIG. 7, and 1n a case that
a certain jump iframe 1s read, determining whether to jump
to the subordinate sequence #1 or the subordinate sequence
#2 or a further subordinate sequence through random trig-
gering or external signal triggering; 2) if jumping to the
subordinate sequence #1, reading the subordinate sequence
in the form of forward order playing until playing to the last
frame, and then switching back to a certain jump frame of
the main sequence on the basis of the transition frame; and
3) performing 1) again after returning to the main sequence,
and moving in circles in this way, which can use “one-main-
multi-subordinate” mode to realize jump playing from the
main sequence to more large-amplitude actions to achieve
layout control of the actions.

It should be noted that: a main sequence and two subor-
dinate sequences can be played in connection through the
jump frame and the transition frame between the main
sequence and the two subordinate sequences, while a jump
playing cannot be performed between the two subordinate
sequences.

5. Layout and Playing Among “Multi-Main-Multi-Subor-
dinate” Sequences

The main sequence 2, the main sequence #3, etc. are
added 1nto the “one-main-multi-subordinate” sequence play-
ing as shown 1n FIG. 11, which can constitute the layout and
playing among the “multi-main-multi-subordinate”™
sequences. Switching between a main sequence and a main
sequence (with reference to FIG. 8), and switching between
a main sequence and a subordinate sequence (with reference
to FIG. 10) can be played in connection by the jumping
frame and the transition frame, which can realize richer
playing orders and action layout and controls. The overall
mump relationship 1s complex and will not be shown here.

Third, jumping between two discontinuous videos to
generate a transition frame needed to jump between the two
discontinuous videos

FIG. 12 1s a schematic diagram of generating a transition
frame according to an embodiment of the present disclosure.
The transition frame can be generated based on a trained
model (optical stream interpolation model) obtained from a
deep learning algorithm, as shown in FIG. 12, which
includes: 1) making training data and target optical stream
data by utilizing the background data or more video data 1n
a down-sampling and frame-drawing mode, to train the
optical stream interpolation model; 2) mputting two jump
frames from diflerent action sequences into the trained
optical stream interpolation model, to generate an interpo-
lated optical stream sequence; and 3) mputting two jump
frames and the generated interpolated optical stream
sequence together into an 1mage synthesis module, to finally
generate an nterpolated 1image sequence (1.e. a transition
frame between the two jump frames).

According to an embodiment of the present disclosure, a
video sequence layout apparatus 1s provided. FIG. 13 1s a
schematic diagram of a constitution structure of a video
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sequence layout apparatus according to an embodiment of
the present disclosure. As shown 1n FIG. 13, the apparatus
includes: a video acquisition module 1301 configured for
acquiring a first video sequence, the first video sequence
including a main sequence for describing a first posture of a
human body and a subordinate sequence for describing a
plurality of second postures of the human body; a video
extraction module 1302 configured for extracting the main
sequence and the subordinate sequence from the first video
sequence; and a video layout module 1303 configured for, 1n
a case that 1t 1s detected that a sequencing identification
frame exists 1n the first video sequence, performing random
mixed sequencing processing on video frames in the main
sequence and the subordinate sequence based on the
sequencing 1dentification frame and taking a sequence com-
bination obtained by the random mixed sequencing process-
ing as a second video sequence. Wherein the sequencing
identification frame includes at least one of a reverse frame,
a jump Irame, or a transition frame.

In an mmplementation, the apparatus further includes a
playing order adjustment module configured for: adjusting a
playing order of the video frames 1n the first video sequence
based on the reverse frame, wherein the reverse frame
includes a further video frame other than a starting frame 1n
the first video sequence.

In an 1mplementation, the apparatus further includes a
video frame connection module configured for: connecting,
the video frames 1n the first video sequence based on the
jump frame and/or the transition frame; wherein 1n a case
that the first video sequence includes the main sequence, the
jump frame 1s any video frame in the main sequence; 1 a
case that the first video sequence includes the subordinate
sequence, jump Irames are a starting frame and an ending
frame of the subordinate sequence; and in a case that the first
video sequence includes different main sequences and/or
different subordinate sequences, the transition frame 1s an
interpolated frame obtained based on at least one jump
frame switched between the different main sequences and/or
the different subordinate sequences.

In an implementation, the video layout module 1s further
configured for: performing forward playing on the video
frames 1n the first video sequence; in response to detecting
that the sequencing 1dentification frame is the reverse frame,
performing reverse playing of the video frames based on a
first random signal; and taking the sequence combination
obtained based on the forward playing and the reverse
playing of the video frames as the second video sequence.

In an 1implementation, the video layout module 1s further
configured for: acquiring a first main sequence in the first
video sequence; 1n response to detecting that the sequencing,
identification frame of the first main sequence 1s the jump
frame, performing jump playing of the video frames 1n the
first main sequence based on a second random signal, and
switching to a further main sequence other than the first
main sequence; and taking the sequence combination
obtained based on the first main sequence and the further
main sequence as the second video sequence.

In an implementation, the video layout module 1s further
configured for: 1n a case that the further main sequence 1s a
second main sequence, in response to detecting that the
sequencing identification frame of the second main sequence
1s the jump frame, performing jump playing of the video
frames 1n the second main sequence based on a third random
signal, and switching to the first main sequence.

In an 1implementation, the video layout module 1s further
configured for: 1 a case that further main sequences are a
second main sequence, a third sequence, . . . , and an 1-th
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sequence, with 1 being a positive integer greater than 3, 1n
response to detecting that the sequencing identification
frame of the second main sequence 1s the jump frame,
performing jump playing of the video frames 1n the second
main sequence based on a fourth random signal, and switch-
ing to a corresponding sequence in the second main
sequence, the third sequence, . . . , and the 1-th sequence; and
performing the jump playing in the second main sequence,
the third sequence, . . ., and the 1-th sequence, or switching
back to the first main sequence aiter performing the jump
playing 1 the second main sequence, the third
sequence, . . . , and the 1-th sequence.

In an implementation, the video layout module 1s turther
configured for: acquiring a first main sequence and a first
subordinate sequence 1n the first video sequence; 1n response
to detecting that the sequencing i1dentification frame of the
first main sequence 1s the jump frame, performing jump
playing of the video frames 1n the first main sequence based
on a fifth random signal, and switching to the first subordi-
nate sequence; performing forward playing on the video
frames 1n the first subordinate sequence until the video
frames are played to an ending frame of the first subordinate
sequence; and taking the ending frame as a jump frame and
switching back to the first main sequence, or taking the
ending frame as a jump frame and also taking consideration
ol a condition that the sequencing identification frame 1s the
transition frame, switching back to a designated frame 1n the
first main sequence based on the transition frame after
triggering the jump playing based on the jump frame.

In an implementation, there are one or more first main
sequences and there are one or more {first subordinate
sequences; and the video layout module 1s further configured
for: performing the jump playing based on at least one mode
of: a one-main-one-subordinate layout and playing mode of
different sequences, a one-main-multi-subordinate layout
and playing mode of different sequences, or a multi-main-
multi-subordinate layout and playing mode of different
sequences between the first main sequences and the first
subordinate sequences.

The function of each module in each apparatus of the
embodiment of the present disclosure can be referred to the
corresponding description 1n the above method, and will not
be described 1n detail herein.

According to an embodiment of the present disclosure,
the present disclosure also provides an electronic device, a
readable storage medium, and a computer program product.

As shown 1n FIG. 14, FIG. 14 15 a block diagram of an
clectronic device used to implement the video sequence
layout method of an embodiment of the present disclosure.
The electronic device can be the deployment device or proxy
device as described above. The electronic device 1s intended
to represent various forms of digital computers, such as
laptop computers, desktop computers, workstations, per-
sonal digital assistants, servers, blade servers, mainirame
computers, and other suitable computers. The electronic
device can also represent various forms of mobile appara-
tuses, such as personal digital processing, cellular tele-
phones, smart phones, wearable devices, and other similar
computing apparatuses. The parts, connections and relations
thereof, and functions thereolf shown herein are merely
examples and are not intended to limit the implementation of
the present disclosure described and/or claimed herein.

As shown 1n FIG. 14, the device 1400 includes a com-
puting unit 1401 that can perform various suitable actions
and processes based on a computer program stored 1n a read
only memory (ROM) 1402 or a computer program loaded
from a storage unit 1408 into a random access memory




US 11,521,653 B2

17

(RAM) 1403. In the RAM 1403, various programs and data
required for the operation of the device 1400 can also be
stored. The computing unit 1401, the ROM 1402 and the
RAM 1403 are connected to each other via a bus 1404. An
input/output (I/0) interface 1405 1s also connected to the bus
1404.

A plurality of components 1n the device 1400 are con-
nected to the I/O mterface 1403, including: an mput umt
1406, such as a keyboard, a mouse, etc.; an output unit 1407,
such as various types of displays, speakers, etc.; a storage
unit 1408, such as a magnetic disk, an optical disk, etc.; and
a communication umt 1409, such as a network card, a
modem, a wireless communication transceiver, etc. The
communication unit 1409 allows the device 1400 to
exchange information/data with other devices over a com-
puter network, such as the Internet, and/or various telecom-
munications networks.

The computing unit 1401 can be various general purpose
and/or special purpose processing assemblies having pro-
cessing and computing capabilities. Some examples of the
computing unit 1401 include, but are not limited to, a central
processing unit (CPU), a graphics processing unit (GPU),
various specialized artificial intelligence (Al) computing
chips, various computing units running machine learning
model algorithms, a digital signal processor (DSP), and any
suitable processor, controller, microcontroller, etc. The com-
puting umt 1401 performs various methods and processes
described above, such as a video sequence layout method.
For example, in some embodiments, the video sequence
layout method can be implemented as a computer software
program tangibly embodied in a machine-readable medium,
such as storage unit 1408. In some embodiments, some or all
of the computer programs can be loaded 1into and/or installed
on the device 1400 via the ROM 1402 and/or the commu-
nication unit 1409. When a computer program is loaded 1nto
the RAM 1403 and executed by the computing unit 1401,
one or more of the operations of the video sequence layout
method described above can be performed. Alternatively, in
other embodiments, the computing unit 1401 can be con-
figured for performing the video sequence layout method by
any other suitable means (e.g., via firmware).

Various implementations of the system and technology
described herein can be implemented in digital electronic
circuit systems, integrated circuit systems, field program-
mable gate arrays (FPGAs), disclosure specific integrated
circuits (ASICs), application specific standard products (AS-
SPs), system-on-chips (SOCs), load programmable logic
devices (CPLDs), computer hardware, firmware, software,
and/or combinations thereol. These various implementations
can include: implementing 1 one or more computer pro-
grams, which can be executed and/or interpreted on a
programmable system including at least one programmable
processor. The programmable processor can be a dedicated
or general-purpose programmable processor that can receive
data and instructions from a storage system, at least one
input device, and at least one output device, and transmit the
data and instructions to the storage system, the at least one
input device, and the at least one output device.

Program codes for implementing the methods of the
present disclosure can be written in any combination of one
or more programming languages. These program codes can
be provided to processors or controllers of general purpose
computers, special purpose computers, or other programs-
mable data processing apparatuses, such that the program
codes, when executed by the processors or the controllers,
cause the functions/operations specified in the tlowchart
and/or block diagram to be implemented. The program
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codes can execute enfirely on a machine, partly on a
machine, partly on a machine as a stand-alone software
package and partly on a remote machine or entirely on a
remote machine or a server.

In the context of the present disclosure, a machine-
readable medium can be a tangible medium that can contain
or store a program for use by an instruction execution
system, apparatus, or device or in connection with the
istruction execution system, apparatus, or device. The
machine-readable medium can be a machine-readable signal
medium or a machine-readable storage medium. The
machine-readable medium can include, but 1s not limited to,
an electronic, magnetic, optical, electromagnetic, infrared,
or semiconductor system, apparatus, or device, or any suit-
able combination thereof. More specific examples of a
machine-readable storage medium can include one or more
wires-based electrical connections, a portable computer dis-
kette, a hard disk, a random access memory (RAM), a
read-only memory (ROM), an erasable programmable read-
only memory (EPROM or a flash memory), an optical fiber,
a portable compact disk read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, or any
suitable combination thereof.

In order to provide the interaction with a user, the system
and technology described herein can be implemented on a
computer that has: a display apparatus (e.g., a CRT (cathode
ray tube) or an LCD (liquid crystal display) monitor) for
displaying information to the user; and a keyboard and a
pointing apparatus (e.g., a mouse or a trackball) through
which the user can provide input to the computer. Other
types ol apparatus can also be used to provide the interaction
with a user: for example, the feedback provided to the user
can be any form of sensory feedback (e.g., visual feedback,
auditory feedback, or tactile feedback); and mput from the
user can be recetved 1 any form (including acoustic input,
voice 1nput, or tactile input).

The system and technology described herein can be
implemented 1n a computing system (e.g., as a data server)
that includes a background part, or be implemented in a
computing system (e.g., an application server) that includes
a middleware part, or be 1mplemented mn a computing
system (e.g., a user computer having a graphical user
interface or a web browser, through which a user can interact
with 1mplementations of the system and technology
described herein) that includes a front-end part, or be
implemented 1n a computing system that includes any com-
bination of such background part, middleware part, or
front-end part. The parts of the system can be interconnected
by any form or medium of the digital data communication
(e.g., a communication network). Examples of the commu-
nication network include: a Local Area Networks (LAN), a
Wide Area Network (WAN), and the Internet.

A computer system can include a client and a server. The
client and server are typically remote from each other and
typically interact through a communication network. The
relationship of the client and the server 1s generated by
computer programs running on respective computers and
having a client-server relationship with each other.

It should be understood that various forms of processes
shown above can be used to reorder, add, or delete steps. For
example, respective steps recorded in the present disclosure
can be executed 1n parallel, or can be executed sequentially,
or can be executed 1n a different order, so long as the desired
result of the techmical solution provided in the present
disclosure can be achieved, no limitation 1s made herein.

The above specific implementations do not constitute a
limitation on the protection scope of the present disclosure.
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It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
substitutions can be made according to design requirements
and other factors. Any modification, equivalent replacement
and improvement, and the like made within the spirit and
principle of the present disclosure shall be included within
the protection scope of the present disclosure.

What 1s claimed 1s:

1. A video sequence layout method, comprising:

acquiring a first video sequence, the first video sequence

comprising a main sequence for describing a {irst
posture of a human body and a subordinate sequence
for describing a plurality of second postures of the
human body;

extracting the main sequence and the subordinate

sequence from the first video sequence; and
in a case that 1t 1s detected that a sequencing identification
frame exists i the first video sequence, performing
random mixed sequencing processing on video frames
in the main sequence and the subordinate sequence
based on the sequencing identification frame and taking
a sequence combination obtained by the random mixed
sequencing processing as a second video sequence;

wherein the sequencing identification frame comprises at
least one of a reverse frame, a jump Iframe, or a
transition frame.

2. The method of claim 1, further comprising:

adjusting a playing order of the video frames in the first

video sequence based on the reverse frame, wherein
the reverse frame comprises a further video frame other
than a starting frame 1n the first video sequence.

3. The method of claim 1, further comprising;:

connecting the video frames in the first video sequence

based on the jump frame and/or the transition frame;
wherein

in a case that the first video sequence comprises the main

sequence, the jump frame 1s any video frame in the
main sequence;
in a case that the first video sequence comprises the
subordinate sequence, jump frames are a starting frame
and an ending frame of the subordinate sequence; and

in a case that the first video sequence comprises different
main sequences and/or different subordinate sequences,
the transition frame 1s an interpolated frame obtained
based on at least one jump frame switched between the
different main sequences and/or the different subordi-
nate sequences.

4. The method of claim 1, wherein 1n the case that it 1s
detected that the sequencing identification frame exists 1n
the first video sequence, the performing the random mixed
sequencing processing on the video frames in the main
sequence and the subordinate sequence based on the
sequencing 1dentification frame and taking the sequence
combination obtained by the random mixed sequencing
processing as the second video sequence comprises:

performing forward playing on the video frames in the

first video sequence;
in response to detecting that the sequencing 1dentification
frame 1s the reverse frame, performing reverse playing
of the video frames based on a first random signal; and

taking the sequence combination obtained based on the
forward playing and the reverse playing of the video
frames as the second video sequence.

5. The method of claim 1, wherein 1n the case that it 1s
detected that the sequencing identification frame exists 1n
the first video sequence, the performing the random mixed
sequencing processing on the video frames in the main
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sequence and the subordinate sequence based on the
sequencing identification frame and taking the sequence
combination obtained by the random mixed sequencing
processing as the second video sequence comprises:
acquiring a first main sequence 1n the first video sequence;
in response to detecting that the sequencing 1dentification
frame of the first main sequence i1s the jump frame,
performing jump playing of the video frames 1n the first
main sequence based on a second random signal, and
switching to a further main sequence other than the first
main sequence; and
taking the sequence combination obtained based on the
first main sequence and the further main sequence as
the second video sequence.

6. The method of claim 5, wherein, 1n a case that the
further main sequence 1s a second main sequence, the
method further comprises:

in response to detecting that the sequencing 1dentification

frame of the second main sequence 1s the jump frame,
performing jump playing of the video frames in the
second main sequence based on a third random signal,
and switching to the first main sequence.

7. The method of claim 5, wherein, 1n a case that further
main sequences are a second main sequence, a third
sequence, . . ., and an 1-th sequence, with 1 being a positive
integer greater than 3, the method further comprises:

in response to detecting that the sequencing identification

frame of the second main sequence is the jump frame,
performing jump playing of the video frames in the
second main sequence based on a fourth random signal,
and switching to a corresponding sequence in the
second main sequence, the third sequence, . . ., and the
1-th sequence; and

performing the jump playing in the second main

sequence, the third sequence, ., and the 1i-th
sequence, or switching back to the first main sequence
after performing the jump playing in the second main
sequence, the third sequence, ., and the 1-th
sequence.

8. The method of claim 1, wherein, 1n the case that 1t 1s
detected that the sequencing identification frame exists in
the first video sequence, the performing the random mixed
sequencing processing on the video frames in the main
sequence and the subordinate sequence based on the
sequencing identification frame and taking the sequence
combination obtained by the random mixed sequencing
processing as the second video sequence comprises:

acquiring a first main sequence and a first subordinate

sequence 1n the first video sequence;
in response to detecting that the sequencing 1dentification
frame of the first main sequence i1s the jump frame,
performing jump playing of the video frames 1n the first
main sequence based on a fifth random signal, and
switching to the first subordinate sequence;

performing forward playing on the video frames in the
first subordinate sequence until an ending frame of the
first subordinate sequence; and

taking the ending frame as a jump frame and switching

back to the first main sequence, or taking the ending

frame as a jump frame and also taking consideration of

a condition that the sequencing identification frame is

the transition frame, switching back to a designated
frame 1n the first main sequence based on the transition
frame after triggering the jump playing based on the
jump frame.
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9. The method of claim 8, wherein there are one or more
first main sequences and there are one or more {irst subor-
dinate sequences; and the method further comprises:

performing the jump playing based on at least one mode

of: a one-main-one-subordinate layout and playing
mode of different sequences, a one-main-multi-subor-
dinate layout and playing mode of different sequences,
or a multi-main-multi-subordinate layout and playing
mode of different sequences between the first main
sequences and the first subordinate sequences.

10. An electronic device, comprising:

at least one processor; and

a memory communicatively connected to the at least one

processor; wherein,

the memory stores instructions executable by the at least

one processor, and the istructions are executed by the
at least one processor to enable the at least one pro-
cessor to perform operations of:

acquiring a first video sequence, the first video sequence

comprising a main sequence for describing a {irst
posture of a human body and a subordinate sequence
for describing a plurality of second postures of the
human body;

extracting the main sequence and the subordinate

sequence from the first video sequence; and

in a case that it 1s detected that a sequencing 1dentification

frame exists 1n the first video sequence, performing
random mixed sequencing processing on video frames
in the main sequence and the subordinate sequence
based on the sequencing identification frame and taking
a sequence combination obtained by the random mixed
sequencing processing as a second video sequence;
wherein the sequencing identification frame comprises at

least one of a reverse frame, a jump Iframe, or a
transition frame.

11. The electronic device of claim 10, wherein the 1nstruc-
tions are executed by the at least one processor to enable the
at least one processor to further perform an operation of:

adjusting a playing order of the video frames 1n the first

video sequence based on the reverse frame, wherein
the reverse frame comprises a further video frame other
than a starting frame in the first video sequence.

12. The electronic device of claim 10, wherein the 1nstruc-
tions are executed by the at least one processor to enable the
at least one processor to further perform an operation of:

connecting the video frames in the first video sequence

based on the jump frame and/or the transition frame;
wherein

in a case that the first video sequence comprises the main

sequence, the jump frame 1s any video frame in the
main sequence;
in a case that the first video sequence comprises the
subordinate sequence, jump frames are a starting frame
and an ending frame of the subordinate sequence; and

in a case that the first video sequence comprises different
main sequences and/or different subordinate sequences,
the transition frame 1s an interpolated frame obtained
based on at least one jump frame switched between the
different main sequences and/or the different subordi-
nate sequences.

13. The electronic device of claim 10, wherein, when the
instructions are executed by the at least one processor to
ecnable the at least one processor to perform the random
mixed sequencing processing on the video frames in the
main sequence and the subordinate sequence based on the
sequencing 1dentification frame and taking the sequence
combination obtained by the random mixed sequencing
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processing as the second video sequence, 1n the case that 1t
1s detected that the sequencing 1dentification frame exists 1n
the first video sequence, the nstructions are executed by the
at least one processor to enable the at least one processor to
specifically perform operations of:

performing forward playing on the video frames in the

first video sequence;
in response to detecting that the sequencing 1dentification
frame 1s the reverse frame, performing reverse playing
of the video frames based on a first random signal; and

taking the sequence combination obtained based on the
forward playing and the reverse playing of the video
frames as the second video sequence.

14. The electronic device of claim 10, wherein, when the
instructions are executed by the at least one processor to
cnable the at least one processor to performing the random
mixed sequencing processing on the video frames in the
main sequence and the subordinate sequence based on the
sequencing identification frame and taking the sequence
combination obtained by the random mixed sequencing
processing as the second video sequence, 1n the case that 1t
1s detected that the sequencing 1dentification frame exists 1n
the first video sequence, the instructions are executed by the
at least one processor to enable the at least one processor to
specifically perform operations of:

acquiring a first main sequence 1n the first video sequence;

in response to detecting that the sequencing identification

frame of the first main sequence 1s the jump frame,
performing jump playing of the video frames 1n the first
main sequence based on a second random signal, and
switching to a further main sequence other than the first
main sequence; and

taking the sequence combination obtained based on the

first main sequence and the further main sequence as
the second video sequence.

15. The electronic device of claim 14, wherein, 1n a case
that the further main sequence 1s a second main sequence,
the mnstructions are executed by the at least one processor to
enable the at least one processor to further perform an
operation of:

in response to detecting that the sequencing identification

frame of the second main sequence 1s the jump frame,
performing jump playing of the video frames in the
second main sequence based on a third random signal,
and switching to the first main sequence.

16. The electronic device of claim 14, wherein, 1n a case
that further main sequences are a second main sequence, a
third sequence, . . . , and an 1-th sequence, with 1 being a
positive mteger greater than 3, the mstructions are executed
by the at least one processor to enable the at least one
processor to further perform operations of:

in response to detecting that the sequencing 1dentification

frame of the second main sequence is the jump frame,
performing jump playing of the video frames in the
second main sequence based on a fourth random signal,
and switching to a corresponding sequence 1n the
second main sequence, the third sequence, . . ., and the
1-th sequence; and

performing the jump playing 1 the second main

sequence, the third sequence, ., and the 1-th
sequence, or switching back to the first main sequence
after performing the jump playing in the second main
sequence, the third sequence, ., and the 1-th
sequence.

17. The electronic device of claim 10, wherein, when the
istructions are executed by the at least one processor to
enable the at least one processor to perform the random
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mixed sequencing processing on the video frames in the
main sequence and the subordinate sequence based on the
sequencing 1dentification frame and taking the sequence
combination obtaimned by the random mixed sequencing
processing as the second video sequence, 1n the case that it
1s detected that the sequencing 1dentification frame exists 1n
the first video sequence, the instructions are executed by the
at least one processor to enable the at least one processor to
specifically perform operations of:

acquiring a first main sequence and a first subordinate

sequence 1n the first video sequence;
in response to detecting that the sequencing identification
frame of the first main sequence 1s the jump frame,
performing jump playing of the video frames 1n the first
main sequence based on a fifth random signal, and
switching to the first subordinate sequence;

performing forward playing on the video frames in the
first subordinate sequence until an ending frame of the
first subordinate sequence; and

taking the ending frame as a jump frame and switching

back to the first main sequence, or taking the ending

frame as a jump frame and also taking consideration of

a condition that the sequencing identification frame 1s

the transition frame, switching back to a designated
frame 1n the first main sequence based on the transition
frame after triggering the jump playing based on the
jump frame.

18. The electronic device of claim 17, wherein there are
one or more first main sequences and there are one or more
first subordinate sequences; and the instructions are
executed by the at least one processor to enable the at least
one processor to further perform an operation of:

performing the jump playing based on at least one mode

of: a one-main-one-subordinate layout and playing
mode of different sequences, a one-main-multi-subor-
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dinate layout and playing mode of different sequences,
or a multi-main-multi-subordinate layout and playing
mode of different sequences between the first main
sequences and the first subordinate sequences.

19. A non-transitory computer-readable storage medium
storing computer instructions, wherein the computer instruc-
tions are configured for causing a computer to perform
operations of:

acquiring a first video sequence, the first video sequence

comprising a main sequence for describing a first
posture of a human body and a subordinate sequence
for describing a plurality of second postures of the
human body;

extracting the main sequence and the subordinate

sequence from the first video sequence; and
in a case that 1t 1s detected that a sequencing 1dentification
frame exists 1n the first video sequence, performing
random mixed sequencing processing on video frames
in the main sequence and the subordinate sequence
based on the sequencing 1dentification frame and taking
a sequence combination obtained by the random mixed
sequencing processing as a second video sequence;

wherein the sequencing i1dentification frame comprises at
least one of a reverse frame, a jump Iframe, or a
transition frame.

20. The non-transitory computer-readable storage
medium of claim 19, wherein the computer instructions are
configured for causing the computer to further perform an
operation of:

adjusting a playing order of the video frames 1n the first

video sequence based on the reverse frame, wherein

the reverse frame comprises a further video frame other
than a starting frame 1n the first video sequence.
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